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INTRODUCTION 
Successful hybrids of sorghum have been developed and released 
f o r  commercial cul t ivat ion in  many countries.  A cytoplasmic genetic 
mechanism of ma le - s t e r i l i ty  i s  used i n  the  production of these hybrids 
i? which a female designated a s  A-line is  out-crossed t o  a r e s to re r  
(R-line) t o  produce the  hybrid seed. The most commercially exploited 
cytoplasm has come from a milo k a f i r  re la t ionship .  The system has 
abundant r e s to re r s ,  however, the  non-restorers a r e  often l imited.  This 
has r e s t r i c t e d  breeders ' opportunity of producing a large number of seed 
parents hence hybrid combinations. 
Rao (1962) reported the  occurrance of cytoplasmic genetic male- 
s t e r i l i t y  i n  Indian sorghums and converted M35-1 and IS-3691, in to  
s t e r i l e s .  King e t  a l .  (1961) developed new male-s ter i le  l i n e s  i n  sorghum 
--
but due t o  lack of d ivers i ty  they have not been so useful  i n  hybridization 
programmes. 
In India,  nine hybrids have been re leased,  th ree  of which have 
been pa r t i cu la r ly  successful. Poor nicking has contributed t o  seed 
production problems and the  a v a i l a b i l i t y  of adequate quan t i t i e s  of seed. 
This problem can be overcome by having a su f f i c i en t  number of male-s ter i le  
female parents of su i t ab le  grain qua l i ty  so  t h a t  e a s i l y  producible hybrids 
with high yield and good levels of res is tance  t o  major l imit ing fac to r s  
could be developed. 
ICRISAT1s programme on hybrids has placed emphasis on t h e  
development of new female parents .  Non-restoring random mating popula- 
t i o n s  have been developed and t he se  populat ions a r e  being improved by 
r ecu r r en t  s e l ec t i on  methods. A l a rge  number o f  non-restor ing l i n e s  
with good agronomic e l i t e n e s s  have been i d e n t i f i e d .  These l i n e s  have 
t o  be backcrossed t o  a cytoplasmic ma le - s t e r i l e  l i n e .  The process i s  
complicated a s  severa l  p lan t  t o  p lan t  crosses  a r e  required t o  recover 
good ma le - s t e r i l e  paren ts  (no p a r t i a l  f e r t i l i t y ) .  Usually, t h e  converted 
l i n e s  (new A-lines] a r e  t e s t e d  i n  hybrid combination t o  study t h e i r  
general  combining a b i l i t y  before using them extens ive ly  i n  a hybr id iza t ion  
programme. Often, it i s  r ea l i z ed  t h a t  only a few l i n e s  produce des i r ab l e  
hybrids. Rao -- e t  a l . (1968) emphasized t h a t  a l i n e  x t e s t e r  ana lys i s  should 
be usefu l  t o  screen t h e  l i n e s  f o r  combining a b i l i t y  before converting them 
t o  A-lines. In such s tud i e s  t he  l i n e s  a r e  u sua l l y  hand-crossed with 
r e s t o r e r  l i n e s  t o  get  hybrids .  However, a l a rge r  number of non-restorer  
l i n e s  cannot be screened i n  t h i s  way because of t h e  l i m i t a t i a n  of Band 
emasculation i n  producing an adequate quan t i t y  o f  F1 seed on a 
s u f f i c i e n t  l a rge  number of t e s t e r s .  
Therefore, i n  t h i s  study, attempts were made t o  eva lua te  non-restorer  
l i n e s  by using cytoplasmic male-s te r i les  as t e s t e r s .  In t h i s  way a l a rge  
number of non-restorer  l i n e s  can be evaluated. The d i f f i c u l t y  i n  t h e  
system i s  i n  t h e  evaluat ion of hybrids (A-line x non-res torer  l i n e s )  f o r  
g r a in  y i e l d  as they a r e  male-s te r i le .  In  bhe present  s tudy ,  t h e  hybrids  
were evaluated by using i n t e r l a r d s  of f e r t i l e  hybrids  a s  p o l l i n a t o r s  f o r  
t h e  t e s t  hybrids. 
The o b j e c t i v e s  of t h e  p r e s e n t  l i n e  x t e s t e r  a n a l y s i s  were a s  
fo l lows  : 
(I) To evolve  a  s a t  i s  f a c t o r y  system o f  e v a l u a t i n g  non - r e s t o r e r  
l i n e s  p r i o r  t o  conver t ing  them i n t o  A- l i ne s  . 
(11) To i d e n t i f y  p o t e n t i a l  n o n - r e s t o r e r  l i n e s  and recommend them 
f o r  convers ion  by backc ros s ing  and 
(111) Based on t h i s  s t udy  t o  c o n t r i b u t e  i n fo rma t ion  on gene a c t i o n  
and i n t e r a c t i o n s  f o r  s e v e r a l  t r a i t s  i n  sorghum. 
REVIEW OF LITERATURE 
Sorghum (Sohghum b i co lo t  ( L . )  Moench ) i s  an important food and 
fodder crop i n  most of t he  p a r t s  of t h e  world. Increase i n  y i e l d  and 
s t a b i l i t y  has been reported i n  sorghum by r e s o r t i n g  t o  a hybr id iza t ion  
programme. The mechanism involved i s  hybrid vigour  o r  he t e ro s i s .  Hybrid 
vigour can be defined such t h a t  an F 1  hybrid f a l l s  ou t s ide  t h e  range of 
t h e  paren ts  with respec t  t o  some cha rac t e r  o r  charac te rs  (Allard,  1960), 
u sua l l y  appl ied t o  s i z e ,  r a t e  of growth o r  genera l  f i t n e s s .  Heterosis  was 
noted a s  e a r l y  a s  1763 by Koelreuter ,  i n  tobacco hybrids  and i t  was reported 
i n  sorghum by Conner and Karper (1927), f o r  t h e  f i r s t  t ime.  
Quinby (1963), noted an increased vege t a t i ve  growth, extreme 
l a t enes s  of matur i ty ,  increased s i z e  of t h e  endbspem, g r e a t e r  he ight ,  
g r ea t e r  t i l l e r i n g ,  heavier  seeds,  increased number of seed, seed t h a t  
mature f a s t e r ,  increased thresh ing  percentage,  and g r e a t e r  production of 
g ra in  in  sorghum hybrids .  
Moll -- e t  a l . , (1962), pointed out t h a t  t h e  success  of h e t e r o s i s  
breeding depends on t h e  amount of gene t i c  d i v e r s i t y  presen t  i n  t h e  ma te r i a l .  
Heterosis  i n  sorghum was recorded a s  high a s  100 percent.  
According t o  Subramaniam -- e t  a l . , (1962), h e t e r o s i s  i n  sorghum can 
be manifested i n  d i f f e r e n t  degrees f o r  a l l  t h e  cha rac t e r s  except in te rnodal  
number. He a l s o  noted an increased vigour  f o r  length,  width, number of 
g r a in s  and weight of t h e  panic le .  
CCMBINING ABILITY 
Sprague and Tatum (1942) f o r  t h e  f i r s t  time, put forward the  
concept of combining a b i l i t y  while working with corn improvement. The 
term general combining a b i l i t y  (g. c .a.  ) was used t o  describe average 
performance of a l i n e  in hybrid combinations and spec i f i c  combining 
a b i l i t y  ( s . c . a . )  as  the  deviation from performance predicted on the  
bas is  of g .c .a .  
A systematic study of g .c .a .  and s .c .a .  of quan t i t a t ive  characters 
influencing yie ld  and i t ' s  components i s  very helpful  i n  se lec t ing the  
best parents f o r  hybridization e i t h e r  t o  exploi t  he teros is  o r  t o  i s o l a t e  
des i rable  homozygotes from segregating populations. 
Kramer (1960), was t h e  f i r s t  t o  report  i n  sorghum the  importance 
of g.c.a.  and s . c . a .  in  the  expression of y ie ld .  In t h e  case of g .c .a .  
the  genes with addi t ive  e f f e c t s  a re  more important, while s . c . a .  i s  
more dependent on genes with dominance and e p i s t a t i c  e f fec t s .  
Whitehead (1962) made a comprehensive combining a b i l i t y  study 
involving 58 v a r i e t i e s  of gra in  sorghum crossed with Martin and CK6OA 
male s t e r i l e .  He reported t h a t  addi t ive  gene action was predominant f o r  
flowering date ,  p lant  height and head length i n  dwarf v a r i e t i e s ,  but 
add i t ive  gene act ion f o r  these  t r a i t s  was found t o  be l e s s  in  p lan t s  
having intermediate height.  He a lso  indicated t h a t  s . c . a .  was important 
i n  obtaining good hybrids from poor performing parents  and poor hybrids 
from good performing paren ts .  He a l s o  suggested t h a t  g .c .a .  was more 
important i n  producing good hybrids  from good pa ren t s  and poor hybrids  
from poor pa ren t s  and he f e l t  t h a t  g .c .a .  is  more important than  s . c . a .  
i n  developing good hybr ids .  
Niehaus (1964) repor ted  t h a t  g . c . a .  and s . c . a .  i n  sorghum a r e  
equa l l y  important i n  determining y ie ld ing  a b i l i t y  but he observed t h a t  
g . c . a .  is predominant. 
Niehaus and P i c k e t t  (1966) found high g . c . a .  e f f e c t s  i n  t h e  F1 
and F2 progenies  from an 8 l i n e  d i a l l e l  of sorghum, but s . c . a .  e f f e c t s  
were high only  i n  t h e  F1. Lower s . c . a .  e f f e c t s  i n  t h e  F2 i nd i ca t ed  
t h a t  t h e r e  was cons iderab le  non-addi t ive gene a c t i o n  i n  t h e  F1 genera t ion ,  
much of which was l o s t  i n  t h e  F2 genera t ion .  S .c .a .  var iance  was h ighe r  
than g . c . a .  va r i ance  on ly  f o r  100 seed weight i n  t h e  F1. 
Kambal and Webster (1965) no t iced  t h a t  g . c . a .  i n  sorghum i s  more 
important than s . c . a ,  f o r  y i e l d ,  seed weight,  days t o  bloom, p l a n t  he ight  
and weight/bushel.  The i r  suggest ion was based on t h e  observa t ion  t h a t  
l i n e s  could be e f f e c t i v e l y  eva lua ted  f o r  combining a b i l i t y  when crossed 
on t o  t h r e e  o r  f o u r  females. They f u r t h e r  no t i ced  t h a t  genera l  e f f e c t s  
were cons iderab ly  more s t a b l e  than s p e c i f i c  e f f e c t s  over  yea r s .  
Grea te r  s t a b i l i t y  a s soc i a t ed  with g. c.  a.  was a l s o  r epo r t ed  by 
b j a s  and Sprague (1952) i n  c o n .  They suggested t h a t  g  .c .a .  i s  more 
important i n  unse lec ted  ma te r i a l .  
Combining a b i l i t y  s t u d i e s  a r e  u s e f u l  i n  c l a s s i f y i n g  l i n e s  on 
t h e  b a s i s  of t h e i r  hybrid performance. 
L i  ang and Walter (1968) found s i g n i f i c a n t  d i f f e r e n c e  between 
g . c . a .  and l o c a t i o n s  f o r  y i e l d  and t ime t o  a n t h e s i s  i n  l i n e s  of sorghum. 
They ind ica ted  t h a t  s p e c i f i c  combining a b i l i t y  seems t o  be more important 
f o r  g r a i n  y i e l d  and genera l  and s p e c i f i c  combining a b i l i t i e s  a r e  important 
f o r  t ime t o  a n t h e s i s .  
Beil  and Atkins  (1967) s tudying t h e  performance of 40 F l f s  produced 
by c ross ing  8 R-l ines  t o  5 A-l ines  a t  3 l o c a t i o n s  over  2 years  found t h a t  
va r iance  f o r  g . c . a .  f o r  g r a i n  y i e l d  i n  sorghum was t h r e e  t imes l a r g e r  than  
t h e  s .  c . a .  e f f e c t s  f o r  g r a i n  y i e l d ,  heads pe r  p l a n t  and 100 seed weight. 
The degree of dominance f o r  number of seeds  p e r  head was markedly l a r g e r  
than  t h e  degree of dominance observed f o r  t h e  o t h e r  c h a r a c t e r s .  
Kirby and Atkins (1968) i n  a  s tudy of h e t e r o t i c  response f o r  vegetative 
and mature p l a n t  c h a r a c t e r s  i n  g r a i n  sorghum ( S o q h  bicoLoh (L.)) i n d i c a t e d  
t h a t  g . c . a .  e f f e c t s  were o f t e n  more s i g n i f i c a n t  than  were s . c . a .  e f f e c t s .  
However, s. c .a .  aomponents were found t o  be s i g n i f i c a n t  f o r  s i x  of  t h e  
t h i r t e e n  c h a r a c t e r s  s tud ied .  The mean square f o r  p a r e n t s  v s .  hybr ids  was 
s i g n i f i c a n t  f o r  f i v e  c h a r a c t e r s  i n d i c a t i n g  t h a t  non-add i t ive  gene e f f e c t s  
were important i n  t h e  express ion of t h e s e  t r a i t s .  
Malm (1968) in h is  study of the use of exotic gennplasn in  
grain sorghum indicated tha t  g.c.a. effects  were 20.1, 64.1 and 17;s 
times greater  than the s.c.a. effects .  He used the  r a t i o  of mean square 
values a s  a measure of combining a b i l i t y  fo r  yield,  seed s ize  and protein 
and he found a predominance of additive ef fects .  
Chandra -- e t  a l . (1969) in  t h e i r  l ine  x t e s t e r  studies in forage 
sorghum indicated the occurence of high additive genetic variance fo r  various 
characters, especially in the  female parents. Cross combinations l ike  
high x high and high x medium resulted in  high general combining a b i l i t y  
e f fec t s ,  In general, high x high and high x medium crosses also showed a 
higher degree of heterosis. 
Shankaregowda e t  a l . ,  (1972) in  h i s  l ine  x t e s t e r  experiments with 
three male s t e r i l e  l ines  and eleven poll inators of sorghum a t  two locations 
indicated that  2219 .' was good f o r  several desirable t r a i t s .  Heterosis 
tended towards earl iness f o r  days t o  bloom, which i s  most desirable f o r  
breeding early hybrids. 
Singh and Joshi (1966), in  t h e i r  l ine  x t e s t e r  analysis in  linseed 
found that  non-additive ef fects  were of greater  importance f o r  the  t r a i t s  
tha t  they studied. They suggested that  instead of using number of t e s t e r s  
in separate crosses, it would be bet ter  t o  use single o r  double crosses as 
t e s t e r s  involving l ines  with high g.c.a. They a lso  suggested that  parental 
performance i t s e l f  is  not necessarily a guarantee of it i s  usefulness i n  
breeding programme. 
Studies on combining a b i l i t y  by Singh e t  a l . ,  (1971) in  t h e i r  
l i n e  x t e s t e r  analysis in cotton found tha t  two l ines  with good combin- 
ing a b i l i t y  may not always have high s.c.a. This can be a t t r ibuted t o  
the  absence of interaction between favourable a l l e l e s  contributed by the  
two parents. 
Singh and Gupta (1969), noticed i n  wheat tha t  the  combintng 
a b i l i t y  f o r  yield was influenced by the  combining a b i l i t y  of it Is 
components. 
Rao -- e t  a l . ,  (1968) suggested tha t  the  l i n e  x t e s t e r  method was found 
t o  be an e f f i c i en t  method f o r  screening a large- number of stocks f o r  
t h e i r  combining a b i l i t y .  Three yellow endosperm male s t e r i l e s  developed 
in India and C a O A  were used as female parents in  crosses with a s e t  of 
eleven exotic and Indian va r i e t i e s  as male parents.  They found tha t  variancc 
due t o  g.c.a. was greater  f o r  the characters t h a t  they studied. They 
emphasized tha t  choice of female parents be based on p r io r  evaluation of 
combining a b i l i t y  before back crossing t o  develop the  .A  - l ine  i n  order 
t o  avoid disappointment i f  the  new A-line f a i l s  t o  be useful. The newly 
developed male s t e r i l t e s  did not exhibit super ior i ty  over combine kaf i r  
60 f o r  yield o r  g.c.a,  They however, resul ted  in  f r e e  threshing hybrids 
with Indian pol l inator  parents which i s  not the  case with CROA. 
King -- e t  a l . ,  (1961) developed new male s t e r i l e  l ines  in sorghum, 
but due t o  lack of d ivers i ty  they have not been so useful in hybridization 
programmes - they a r e  primarily k a f i r s , m d '  karif-milos. 
Vidyabhushanam (1965) t ransferred male s t e r i l i t y  t o  a number 
of derived yellow endospenn k a f i r s  since it was thought t h a t  hybrids 
based on such s t e r i l e s  would have superior gra in  qua l i ty .  
Madhavarao, e t  a l . ,  (1970), were in teres ted  i n  the  male-s ter i le  
-- 
M31-2A a s  it possessed valuable characters f o r  t h e  rab i  season such a s  
pearly white gra ins ,  r e s i s t a n t  t o  shootfly,  to lerance  t o  drought and 
fodder qua l i ty  lacking i n  CSH-1 and CSH-2. 
Goud, (1971) organized an experiment using CK60A and M31-2A as  
females and 20 male parents.  He found t h a t  CK60A had higher g.c.a. f o r  
reduction i n  the  plant  height,  e a r l i e r  flowering and head length a s  
compared t o  M31-2A. 
Gupta and Gupta (1971) i n  s tudies  on pear l  m i l l e t  obtained higher 
s .c .a .  variances f o r  most of the  characters considered, g .c .a .  e f f e c t s  
were important f o r  leaf  s i ze ,  stem thickness and l ea f  number. This c a l l s  
f o r  the  need t o  exploit  s .c .a .  t o  obtain high yielding combinations. 
Studies by Gupta and Singh (1973) on pea r l  m i l l e t  indicates  tha t  
genetic d ive r s i ty  of the  parental  material  contributed t o  higher variances 
f o r  g.c.a. than f o r  s.c.a. They a lso  point out t h a t  improvement i n  grain 
yield could be obtained by improving i t ' s  cmponent characters.  They 
observed average t o  good combining a b i l i t y  f o r  component characters when 
both parents and crosses have good general and s p e c i f i c  combining a b i l i t y  
f o r  grain yie ld .  
Studies by Ahluwalia (1962) on pearl  m i l l e t  indicated t h a t  
combining a b i l i t y  e f f ec t s  were r e l a t ed  t o  t h e  t e s t  material  involved and 
the  e f f e c t s  could change i f  t he re  w a s  a change i n  parents.  
R icce l l i  Matte1 (1975) while experimenting on combining a b i l i t y  
i n  sorghum, found s igni f icant  g.c.a.  e f f ec t s  especial ly f o r  pol len parents  
and he considered this t o  be important. Variance due t o  addit ive e f f e c t s  
was 4 t o  18 times grea te r  than variance due t o  non-additive e f f e c t s  f o r  
gra in  y ie ld  and 9 t o  14 times g rea t e r  f o r  fodder yield.  He f e l t  t ha t  t h e  
best  guide t o  hybrid gra in  y ie ld  was parenta l  g ra in  y ie ld .  
Subba Rao -- e t  a l . ,  (1974) while studying combining a b i l i t y  i n  Sudan 
grass  reported t h a t  t h e  differences among t h e  hybrids, male parents  and 
t h e  in te rac t ion  between females x males were s igni f icant  f o r  a l l  t h e  
characters  except days t o  bloom. Predominatly non-additive gene act ion 
was observed f o r  a l l  the  characters .  They highlighted t h e  importances of 
non-additive gene a f fec ts  i n  a fodder breeding programme. 
Nagur and Menon (1974) while studying combining a b i l i t y  i n  sorghum 
reported higher mean sum of squares due t o  females when compared t o  those 
due t o  males o r  females x males ind ica t ing  grea te r  d ive r s i t y  among female 
parents .  Both g.c .a ,  and s.c.a.  were found t o  be important f o r  t h e  expression 
of days t o  50% bloom. S.c.a. was more important f o r  plant  height and ear  
width. G.C.4, was found t o  be more important f o r  leaf  length, leaf width 
and e a r  length. 
Bains and Nagi (1972) while studying t h e  combining a b i l i t y  of 
male s t e r i l e  l i n e s  of  pearl  m i l l e t ,  reported male s t e r i l e  x inbred 
in terac t ion  ranked t h e  inbreds f o r  t h e  head length and thickness but 
not  f o r  grain y ie ld ,  t i l l e r  number, days t o  flower and p lant  height .  
For head length and thickness,  t h e  F1 performance was i n  accordance with 
the  per  s e  performance of  t he  inbreds. 
Singh & Singh, (1974 ) i n  a l i n e  x t e s t e r  ana lys is  i n  green gram 
concluded tha t  addi t ive  x addi t ive  and dominant x dominant types of 
gene act ion were predominant. They noticed a high degree of assoc ia t ion  
between g.c.a. e f f e c t s  and t h e  mean performance of l i n e s  and t e s t e r s ,  
but they did not f ind  any associa t ion  between t h e  per - se  performance of 
t h e  crosses and t h e i r  spec i f i c  combining a b i l i t y .  
Laoshwan and Atkins (1977) suggested t h a t  genet ic  male s t e r i l e  
l i nes  ava i lab le  from random mating sorghum populations a l s o  could be 
used a s  broad t e s t e r  stocks f o r  evaluating performance of l i nes .  
Sangwan, -- e t  a l . ,  (1977) a f t e r  t h e i r  study on combining a b i l i t y  
on forage sorghum noted t h a t  s .c .  a .  variance was higher than g.c .a .  
variance f o r  dry matter  and green fodder y i e ld ,  l ea f  length and width, 
and leaf  and t i l l e r  number per p lant  indica t ing  t h a t  non-additive 
gene act ion was important f o r  these  t r a i t s .  
Kaw and Menon (1978) while working on soyabean i n  a l i n e  x t e s t e r  
experiment indicated tha t  f o r  none of  t h e  10  traits s tudied  d id  t h e  genetic  
v a r i a b i l i t y  appear t o  be predominantly add i t ive ,  suggesting variance 
due t o  s .c .a .  is  an important measure t o  gene act ion.  
Correlat ions 
A programme of breeding f o r  high y ie ld  i s  supported by information 
on t h e  nature  and magnitude of va r i a t ion  i n  t h e  avai lable  mater ia l ,  
associat ion of characters with y i e l d  and among themselves and t h e  extent  
of environmental influence on these  characters .  
Reddy and Rao (1971) evaluated various se lec t ion  schemes and found 
t h a t  se lec t ion f o r  flowering and height were more e f f e c t i v e  than f o r  
gra in  y ie ld  i n  sorghum. Panicle length was negat ively  corre la ted  with 
p lant  height ,  days tobbloom, 100 gra in  weight and number of secondary 
branches. I t  was suggested t h a t  se lec t ion  based on y ie ld ,  flowering and 
plant  height was as  e f fec t ive  a s  se lec t ion  based on a l l  above mentioned 
characters .  
Studies by Atkins e t  a1 (1968) on t h e  i n t e r r e l a t i o n  between d ry  
weight of t h e  panicle,  threshing percent,  and g ra in  y ie ld  i n  sorghum 
showed posi t ive  highly s ign i f i can t  co r re la t ions  between panic le  weight 
and threshed grain weight but indicated t h e  importance of separation of 
gra in  from the  panic le  when precise  evaluation f o r  gra in  y ie ld  per  se  
i s  needed. 
Rao e t  a l . ,  (1973) while working with some exo t i c  x Indian crosses 
-- 
of sorghum noted t h a t  days t o  50% bloom i s  more important t o  y i e ld  than 
i s  plant  height.  
Liang (1969 ) .determined genotypic and phenotypic co r re l a t ions  
among 12 characters i n  a segregating population of  sorghum and found t h a t  
grain y ie ld  was pos i t ive ly  and s ign i f i can t ly  cor re la ted  with head weight, 
kernel  number, ha l f  bloom date.  I t  was suggested t h a t  head weight and 
ha l f  bloom date a re  considered the  best f o r  y i e ld .  
Dabholkar (1970) reportsd in '  sorghum that n d e r  of gmins 
i n  prima* branches was pos i t ive ly  and s i g n i f i c a n t l y  cor re la ted  with 
grains per  panicle,  and t h a t  grain y i e ld  per  plant,  t e s t  weight and number 
of grains per  panicle had a maximum contr ibution t o  gra in  y ie ld .  
Eckebil and Ross.,(1977). a f t e r  studying th ree  populations of sorghum 
point out t ha t  grain y ie ld  per  un i t  a rea  genera l ly  was bes t  cor re la ted  
with grain y ie ld  per  head, p lant  height ,  threshing percent and 1000 seed 
weight. Days t o  bloom and grain protein percent were negatively cor re la ted  
with y ie ld .  
MATER I A L S  AND METHODS 
3.1:  E x ~ e r i m e n t a l  ma te r i a l s :  
Five cytoplasmic gene t i c  male s t e r i l e  l i n e s  (A l i n e s )  of d iverse  
o r i g i n  with s i m i l a r  ma tu r i t y  and p lan t  height  were crossed with twenty 
non-res torer  l i n e s  (B l i n e s ) .  The r e s u l t i n g  100 hybrids were planted 
along with t h e i r  pa ren t s  i n  t h e  month of  June 1980 a t  ICRISAT c e n t r e ,  
Patancheru, Hyderabad ,on both A l f i s o l s  and Vert i s o l s .  
The ob jec t ive  o f  t h e  present  i n v e s t i g a t i o n  was t o  s tudy t h e  
genera l  and s p e c i f i c  combining a b i l i t i e s  of t h e  non - re s to re r  l i n e s  
which a r e  t h e  advanced genera t ion  l i n e s  der ived  from d i f f e r e n t  popu- 
l a t i o n s  maintained a t  ICRISAT Centre. There i s  . i n t e r e s t  t o  convert t o  
A l i n e s ,  by repeated back crossing,.  t hose  non- re s to re r  l i n e s  with superior  
combining a b i l i t y .  
Techniques of c ross ing  : 
1. Seed pa ren t s  
----- ------ 
The fol lowing a r e  t h e  f i v e  cytoplasmic gene t i c  male s t e r i l e  l i n e s  
which were used a s  female pa ren t s .  
T e s t e r s  Pedigree 
i )  CK 60A CK 60A 
i i )  2219 A 2219 A 
i i i )  10430 A 10430 A 
i v )  10406 A 10406 A 
v )  10360 A 10360 A 
2. Pol l inator  parents  
----------- -- ---- 
The following twenty non-restorer 1 ines  served as poll  inator  
parehts : 





















Dia l l e l  BC 2-346-1-7 
FLB 8952-1-1 
Rs/B-119-132-2-1-1 
U s / R  392 
FLB 187-43-1-1-2 
Rs /B 97-108-2r2 
FLB 146-33-3-2 
FLR 141 x CS 3541-1-2-1-1-F8 
FLR 141 x CS 3541-2-1-2-2-F8 
Rs/R S8 21-8614-1-1 
US/R (C1) Sll 398-2-1 
Indian Synthet ic  89-2 
Indian Synthet ic  312-2 
WAE S7-3-1067-3-5-1 
FLR 266 x CS 3541-2-1-1 
FLR 274 x CS 3541-6-1-1 
FLR 274 x CS 3541-6-1-6 
Nigerian 7-1499-1 
RSl x VGC-S8-21-14-2 
RS1 x VGC 
Techniques f o r  c ross ing  
Five cytoplasmic male s t e r i l e s  (A l i n e s )  and t h e  twenty 
, 
non-restorer l i ne s  were planted a t  Bhavanisagar, in t he  month of 
January, 1980. Each A-line plot  included 20 rows, 4 meters in  length 
and rows 45 cm apart  with p lan ts  15 cm apart  i n  t h e  row. The non-restorers  
were sown i n  four row p l o t s  on two da tes  one week apar t  t o  insure nick. 
The non-restorer l i n e s  were bagged a f t e r  t h e  emergence of t he  head p r io r  
t o  an thes i s ,  The pollen col lected from these  non-restorer  l i ne s  was dusted 
on each of t h e  heads of t he  f i v e  male s t e r i l e  l i n e s .  10 crosses  per 
A l i n e  with each B l i n e  were made following t h i s  procedure. 
F ie ld  p lo t  techniques and layout 
The r e su l t i ng  100 Fls were planted along with paren ts ,  which were 
randmized separately,  on 22nd June, 1980, i n  a randomized rep l ica ted  design, 
with t h r e e  r ep l i ca t i ons  each i n  a l f i s o l s  and v e r t i s o l s  a t  t he  In te rna t iona l  
Crops Research I n s t i t u t e  f o r  t h e  Semi -Arid Tropics (ICRI SAT) cen t re ,  
Patancheru, Hyderabad. The experimental p lo t  consis ted of 2 rows, 4m length,  
75 cm apa r t .  The plant ing was done by mechanical p l an t e r  and l a t e r  thinned 
t o  35 plants/row giving a plant  t o  p lan t  spacing of 11 an within a row. 
Thinning was done 15-20 days a f t e r  plant ing.  As t h e  Fls i n  t h i s  study came 
from crosses  between A x non-restorer l i n e s  they were male s t e r i l e  s o  they 
needed -upply of pol3en t o  s e t  seed. For t h i s  purpose two rows of F1 hybrids 
were a l t e rna t ed  with one row of a po l l i na to r  bulk cons is t ing  of CSH-1, CSH-5 
and CSH-6 hybrids.  The p o l l i n a t o r  bulk was a l s o  sown on a l l  s i d e s  of 
t h e  f i e l d  t o  ensure t h a t  t h e  pol len  supply was adequate.  
One i r r i g a t i o n  was found necessary  i n  A l f i s o l s  a s  r a i n s  were 
inadequate;  t h i s  i r r i g a t i o n  was given 15 days a f t e r  sowing. The f i e l d  
was f e r t i l i z e d  with 300 kg/ha of 28:28:0 as a basal  dose and 100 kgs of 
urea/ha was given a s  a t o p  d ress ing  h e n  t h e  p l a n t s  were 30-35 days old  
making up a t o t a l  of 130 kg N ,  84 kg P205 and 0 kg of K20/ha. 
One spraying of malathion was given t o  con t ro l  borer  and a t  a l a t e r  
s t age  one spray t o  con t ro l  earhead p e s t s  was a l s o  provided. 
3 .2 :  Characters s tud ied :  
Six random competit ive p l a n t s  were tagged i n  each r e p l i c a t i o n  leaving 
border p l a n t s  on e i t h e r  s ides .  The da ta  i n  r e spec t  of t h e  following 
c h a r a c t e r s  i s  presented a s  a mean over s i x  p l a n t s  i n  each r e p l i c a t i o n .  
i )  Plant  height : Measured i n  centimeters, a f t e r  t h e  emergence of t h e  
pan ic le ,  from t h e  ground l e v e l  t o  t h e  t i p  of t h e  head. This  measure 
is  presented a s  t h e  mean of t h e  s i x  tagged p l a n t s .  
i i )  Grain y i e l d  per  p lant  : This measure in '  grams, i s  t h e  mean of t h e  th resh-  
,.ed g r a i n  of t h e  s i x  competit ive p l a n t s  a f t e r  two weeks of sun drying. 
i i i )  Head y ie ld  pe r  p lan t  : This measure, i n  grams, is from t h e  mean of 
t h e  s ix  tagged p l a n t s .  
i v )  Head l eng th  : Expressed a s  t h e  mean l eng th  of t h e  pan ic le  i n  
cent imeters  from base t o  t h e  t i p  of t h e  pan ic le .  
, 
v) 500-grain weight : Five hundred seeds  were randomly taken from 
t h e  g ra in  o f  t h e  s i x  p l a n t s  and t h e  weight was recorded i n  grams 
f o r  each r e p l i c a t i o n ,  f o r  each t r ea tment .  
The following t r a i t s  were measured on a p l o t  bas is-  
i )  Days t o  bloom : The measure was made i n  days from t h e  day of sowing 
u n t i l  50 percent of t h e  p l a n t s  i n  a p l o t  came t o  f lower .  
i i )  Grain yie ld/ha  : Recorded i n  grams/plot and expressed i n  q/ha : 
A l l  p l a n t s  i n  t h e  p l o t  were harvested and bulkthreshed, and t h e  g r a i n  
weight of t h e  s e l e c t e d  s i x  p l a n t s  was added t o  obta in  t h e  t o t a l  g ra in  
y i e l d  f o r  t h e  p l o t .  
i i i )  Head yie ld/ha  : Expressed i n  q/ha,  includes  t h e  heads from t h e  bulk 
harvest  and of t h e  s i x  se lec ted  p l a n t s .  
Using t h e  d a t a  descr ibed above t h e  fol lowing two charac te r s  were 
computed : 
i )  No.of g r a i n s - p w  head: Th i s  was c a l c u l a t e d  by t h e  formula 
Grain y i e l d  per p lan t  500 
500 g r a i n  wt .  
i i l  Threshing percent  : This  i s  a r a t i o  o f  p l o t  g ra in  weight/plot  head 
weight and expressed i n  percentage.  The va lues  obta ined were transformed 
by using t h e  angular  t r a n s f o ~ t i o n  technique f o r  s t a t i s t i c a l  a n a l y s i s .  
3 . 3 :  S t a t i s t i c a l  analysis :  
a .  Combining - - - - - - - -  - - - - - - - - - - - - -  a b i l i t y  analysis - - - : The analysis  of combining a b i l i t y  was 
based on the  method of Kempthorne (1957). The covariance of ha l f - s ibs  and 
f u l l - s i b s  was used t o  obtain estimates of general and specif ic  combining 
a b i l i t y  and t h e i r  variance a s  follows 
Source Degrees Sum of squares Mean Expected mean squares 
of squares 
freedom 
Replications (r-1) 2 X . . K  2 x ... 
- - -  
m.f m.f . r .  
Hybrids (mf -1) 2 i i  2 x . . .  
Males 2 X i * .  2 (m-1) X ... 
- -  MI u2+r (COV. ( F  . 5)  -2 COV . (H. S) f . r  m.f . r  t f r  COV. (H.S) 
Females (f-1) 2 X j . 9  2 X . . .  2 
-- .- M2 or(COV.(F.S)-2COV.(H.S) 
m .  r - m.f . r  +mr COV. (H.  S) 
Males x ( m - ( f - 1  . x ~ ( ~ ~ )  xLi  ... 
Females - - - -  M3 O2+r (CUV. )F. s)-2 COV. (H. S) f ,r 
Error. (r-l)x(m. f -1) by di f ference 2 M4 
2 Total ( m . f . ~  - 1) X (ij1K - x2 . . . 
r = number of r ep l i ca t i ons  
m = number of male parents  
f = number of female paren ts  
X = sum of a l l  t he  ( i j )  hybrid combinations 
x . .  K = sum of K~~ r ep l i ca t i on  
X(ij)= sum of i j t h  hybrid combination over a l l  r ep l i ca t i ons  
Xi = sum of ith male parent over a l l  female and r ep l i ca t i ons  
X j  = slrm of j th  female parent over a l l  males and r ep l i ca t i ons  
X .  .K = ijth observation i n  K~~ r e p l i c a t i o n  
1 3  
From t h e  expectat ions of t h e  Mean Sum of Squares, covariance (COV) 
of f u l l - s i b s  (F .  S.) and covariance of ha l f - s i b s  (H.S.) were estimated by using 
t h e  formulae of Kempthorne (1957) a s  shown below : 
(MI - M 3 1  + (M2 - M3) 
Covariance of  (H.S.) = 
r (m + f )  
( M I - M q ) + ( M 2 - M 4 ) + ( M 3 - M 4 )  + 
Covariance of (F.S.) = 3 r 
6 r  COV.(H.S) - r (a + f )  COV. (H.S) 
3 r 
Estimation of var iances : After  estimating t h e  COV. of (H.S) and COV. (F.S) 
using t he  above equations, var iances due t o  general  combining a b i l i t y  
2 2 Cu g . c . 3  and variances due t o  s p e c i f i c  combining a b i l i t y  ( u 8.c.a.) were 
estimated as 
2 
u g.c.a,  = Covariance of  (H.S2 
2 
a s.c.a.  = Covariance of [F.S3 - 2 Cov. (H.S3 
Estimation of g . c , a .  and s . c . a .  e f f ec t9  
t 
The addi t ive  model used t o  es t imate  t h e  g . c . a .  and s . c . a .  e f f e c t s  
of t h e  i j k  observat ions was 
X . .  + ) I  t gi + gj  + s i j  + e 
13 i j k  
where 
A 
= population mean 
h 
gl 
= 2.c .a .  e f f e c t  o f  ith male parent 
tj = g.c .a .  e f f ec t  of j th  female parent 
sA = s . c . a ,  e f f e c t  of i j th combination . i j  
e  = e r r o r  assoc ia ted  with t h e  observation xi jk  i j k  
i = number of male paren ts  
j  = number of female parents  
k  = number of r e p l i c a t i o n s  
The individual  e f f e c t s  were estimated a s  fol lows : 
Where X :. . = Tota l  of a l l  .hybrid combinations over  a l l  r ep l i ca t i ons  
" 
A 
A i" X . . .  
- - ( I 1  i m.f.r 
where X i . . =  To ta l  of ith male parent  over a l l  females and r e p l i c a t i o n s  
Where X j ' .  = Total  of j t h  female parent over a l l  male 
parents  and r ep l i ca t i ons  
Where 
(xi ) = i j t h  combination t o t a l  over a l l  rep l ica t ions .  
Standard e r ro r s  f o r  combining a b i l i t y  e f f e c t s  : The S .E t s  per taining 
t o  g .c .a  e f f e c t s  of males and females and s . c . a .  e f f e c t s  of d i f f e r en t  
combinations were calculated as  shown below : 
A 
S.E. (g.)  males = 
1 /Erro;.vfariance 
A 
S.E. (g.) females = fErro:;:riance 
3 
- -~ .  . 
A 
S.E. (s.  .) male x female cofibination 
1 J 
Where r = number of r ep l i ca t i ons  
m = number of males 
f = number of females 
Correlat ions : Simple cor re la t ion  coe f f i c i en t s  (r) f o r  hybrids and 
co r r e l a t i on  coe f f i c i en t s  between mean performance of hybrids  and t h e i r  g .c.a.  
e f f e c t s  among d i f f e r e n t  charac te rs  were ca lcu la ted  (Panse and Sukhatne, 1957) 
r = 
Cov. X Y 
J Var .X  . Var .-Y 
mfl- * 
Cov. XY SZXY - ZX.  CY 
Var. X 
Where 
r = c o r r e l a t i o n  c o e f f i c i e n t  
COV. = covariance 
Var. = var iance 
X 6 Y = Two indepent v a r i a b l e s  
R E S U L T S  
The r e s u l t s  of t h e  present inves t iga t ion  a r e  presented under 
t h e  following headings: 
4.1: Mean performance of parents .  
4.2: Analysis of variance f o r  parents .  
4 ,3 :  Analysis of variance f o r  hybrids. 
4.4: Mean performance of  hybrids. 
4.5: General and spec i f i c  combining a b i l i t y  e f f e c t s .  
4.6: Correlat ions.  
Mean performance of parents : 
Means f o r  d i f fe ren t  characters  of t h e  25 parental  l i ne s  a r e  shown 
in  Table 1 ,  and t h e  analysis  of variance f o r  these  characters  a re  presented 
i n  Table 2 .  The mean values of t he  non-restorer  l i ne s  were s t a t i s t i c a l l y  
d i f fe ren t  from one another f o r  a l l  t h e  charac ters  s tud ied .  But non s ign i -  
f i can t  difference between mean values was noticed f o r  t e s t e r  parents  f o r  
days t o  bloom, threshing percent a t  both loca t ions .  The t e s t e r ,  CK60A, 
showed s ign i f i can t ly  d i f f e r en t  mean value a t  both, locat ions f o r  plant  
height .  
The ' 8 '  l i n e s ,  L7 (56, 58, days, a l f i s o l s ;  v e r t i s o l s )  L1 (61, 61 
days) and L4 (60, 62 days) showed s t a t i c a l l y  d i f f e r en t  lower mean values 
f o r  days t o  bloom a t  both locat ions.  The l a t e  maturing 'B' l i ne s  were 
L (73, 72 days : a l f i so l s ,  v e r t i s o l s )  L10 (71, 72 days) and LI2 (70, 68 days) 16 
were a l s o  s t a t i s t i c a l l y  d i f fe ren t  from others  a t  both locat ions.  For 
p l a n t  height  t h e  dwarf 'B' l i n e s  were L7 (111, 120 cm a l f i s o l s ,  v e r t i s o l s ) ,  
L (116, 129 cm) and L5 (118, 124 cm) a t  both loca t ions .  On t h e  contrary ,  3  
' B '  l i n e s ,  L16 (195, 200 cm) Llg (191, 219 cm) and L12 (171, 187 cm) showed, 
s t a t i c a l l y  d i f f e r e n t ,  h igher  mean values a t  both loca t ions .  Ahong t e s t e r  
pa ren t s ,  CK60A (126, 139 cm) and 10406A (115, 120 an) showed s t a t i c a l l y  
d i f f e r e n t ,  maximum and minimum mean values r e spec t ive ly  a t  both loca t ions .  
For gra in  y ie ld  and head y ie ld  per  p lan t  t h e  l i n e s ,  Lg (49.0,  65.0 g)  g ra in  
y i e l d ,  head y i e l d ) ,  i12 (39.6, 5 4 , 3  g j ) ,  L13 (35.6, 46.0 g . )  and L6 (31.3, 
47.3 g . )  on a l f i s o l s  and L16 (46.6, 68.6 g . )  L17 (40.6,  55.0 g . )  and L20 
(38.0, 55.6 g . )  on v e r t i s o l s  showed s t a t i c a l l y  d i f f e r e n t ,  higher mean 
values.  However t h e  l i n e s ,  L6, Lg and L12 a l s o  performed wel l  on v e r t i s o l s .  
Among t e s t e r s ,  10430A showed maximum mean y i e l d  even though s t a t i s t i c a l l y  
not d i f f e r e n t  from o the r s  a t  both locat ions .  The ' B t  l i n e s  L13 (14.5,  
13.2 g . )  a l f i s o l s ,  v e r t i s o l s )  L18 (12.7, 12.6 g . )  and L15 (12.4, 12.4 g.) 
showed super io r  -aean performance f o r  500 gra in  weight a t  both loca t ions .  
The t e s t e r ,  10430A showed maximum mean value f o r  t h e  same t r a i t .  For number 
of g ra ins  per head, LI6 (1611, 2085), L12 (1860, 1520) and L l l  (1598,1541) 
were super io r  a t  both loca t ions .  But t h e  l i n e s ,  Lg (2141, a l f i s o l s )  and 
LZ0 (1791, v e r t i s o l s )  were super io r  e i t h e r  on a l f i s o l s  o r  v e r t i s o l s .  The 
' B t  l i n e s  d id  no t  d i f f e r  s i g n i f i c a n t l y  f o r  th resh ing  percentage.  .However, 
L19 (83.0%) and L15 (81.3%) on a l f i s o l s  and L1, (77 8 )  Lll  (75.7%) on v e r t i s o l s ,  
L12 (78.6, 78.3 0 ,  a l f i s o l s ,  v e r t i o s l s )  and L20 (81.6, 75.3%) a t  both 
loca t ions  showed higher threshing percentage. For g ra in  y i e l d  and head y i e l d  
. T 1 : MEAN PERPORHANCE OF PARENTS. 
Source Days tobloom Plant height ( c m )  Grain yield/plant  (g) Head yield/plant  (g) 
Alf i so ls  Ver t i so ls  Alf i so ls  Ver t i so ls  A l f i so l s  Ver t i so ls  Alf i so ls  Ver t i so ls  
Males 
L 1 61 61 151 167 30.0 32.0 35.0 44.6 
L 2 6 3 60 143 154 24.0 25.6 32.0 36.0 
L 3 69 67 116 129 27.0 31.0 31.3 38.3 
L 4 60 62 168 176 23.3 20.0 37.0 32.6 
L 5 63 64 118 124 24.3 24.3 35.0 38.0 
L 6 63. 63 155 160 31.3 32.3 47.3 49.6 
L 7 56 . 58 11 1 120 25.6 15.6 36.6 26.0 
L 8 67 66 130 151 18.6 23.0 27.0 33.3 
L 9 6 7 66 168 170 49.0 30.3 65.0 44.7 
L 10 71 72 158 170 23.3 19.6 32.3 29.6 
L l 1  65 61 140 153 31.0 29.3 4 1.6 40.6 
L 12 70 68 171 187 39.6' 32.6 54.3 42.0 
L 13 68 70 123 126 35.6 34.3 46.0 49.0 
L 14 62 65 123 139 24.3 27.0 37.0 44.3 
L 1 5  67 66 150 186 26.6 36.0 41.3 46.0 
L 16 73 7 2 195 200 25.3 46.6 36.3 68.6 
L 17 72 67 118 139 25.3 40.6 35.6 55.0 
L 18 63 65 153 155 27.0 21.3 33.6 33.0 
Head length (cm) 
Alf i so ls  Vert isols  
(Con t d )  
























X ,  
w- "I" 
per  hec ta re ,  t h e  'B' l i n e s ,  L12 (40.0, 50.7 q/ha g r a in  y i e l d ,  head y i e l d ,  
a l f i s o l s )  (43.5, 54.9 q/ha v e r t i s o l s )  , L1 (41.4, 52.3, q/ha, a l f i s o l s )  
(38.2, 52.7 q/ha, v e r t i s o l s ]  and L15 (42.3, 53.5 q/ha, a l f i s o l s )  (32.6, 
43.68, q/ha, v e r t i s o l s )  showed super ior  mean performance a t  both loca t ions .  
Among t e s t e r s ,  CK60A on a l f i s o l s  and 2219A on v e r t i s o l s  showed highest  
mean values f o r  y i e ld .  
4 . 2 :  Analysis of var iance  f o r  pa r en t s :  
The ana lys i s  of var iance f o r  paren ts  (Table 2 )  showed t h a t  t h e  
charac te rs  v i z .  days t o  bloom, p l an t  he ight ,  g r a in  y i e ld  per  p l a n t ,  head 
y i e l d  pe r  p l an t ,  head length 500 g ra in  weight and number of  g r a in s  per  head 
were h igh ly  s i g n i f i c a n t  f o r  both l oca t i ons .  d r e s h i n g  percent was not  
s i g n i f i c a n t  a t  both loca t ions  while  g r a in  y i e l d  per  hec ta re  and head 
y i e ld  per  hec ta re  f o r  a l f i s o l s  were a l s o  found t o  be non-s ign i f ican t .  
An examination of var iances due t o  t e s t e r s  and n m - r e s t o r e r  l i n e s  ind ica ted  
t h a t  non-restorer  l i n e s  were exh ib i t i ng  h igher  mean sum of squares when 
compared t o  t e s t e r s  f o r  t h e  t r a i t s  days t o  bloom, p l an t  he ight ,  g ra in  y i e ld  
per  p l a n t ,  head y i e l d  per  p l a n t ,  head l eng th ,  number of g r a in s  per  head, 
g ra in  y i e l d  per  hec t a r e  and head y i e l d  per  hec t a r e  f o r  both a l f i s o l s  and 
v e r t i s o l s  i nd i ca t i ng  g rea t e r  d i v e r s i t y  i n  t h e  non- res torer  l i n e s .  + The 
mean sum of squares  were s l i g h t l y  g r e a t e r  f o r  t e s t e r s  than non-restorer  
l i n e s  f o r  500 g ra in  weight f o r  a l f i s o l s  and v e r t i s o l s  and f o r  threshing 
percent f o r  v e r t i s o l s .  


TABLE 2 (Corbt 'd)  
Mean squares 
Source d f Threshing % Grain yield/ha Head yield/ha 
Alf i so ls  Ver t i so ls  v l  s 
Replications 2 46.29 126.45* 99.17 114.52** 142.95 175.65** 
Parents 2 4 37.13 46.14 51.83 69.31** 78.63 109.90** 
Males 19 41.10 43.54 35.75 53 ,OO** 59.30 80.36** 
Females 4 16.93 49.43 2.23 19.70 1.78 31.92 
Males vs.  1 42.50 82.38 555.75** 577.64** 753.30** 938.08** 
Females 
Error  48 33.04 28.90 41.37 14.97 65.74 19.63 
*,** Signi f icant  a t  5% and 1% leve l s  of probabi l i ty  respect ively.  
Analysis of var iance f o r  hybrids: 
An examination of var iances f o r  hybrids (Table 3 )  indicated t h a t  
hybrids were s i g n i f i c a n t l y  d i f f e r e n t  f o r  a l l  cha rac t e r s  s tudied f o r  both 
loca t ions  except f o r  number of g r a in s  per  head on v e r t i s o l s .  Variances 
due t o  t e s t e r s ,  non-restorer  l i n e s ,  and l i n e s  x  t e s t e r s  were found t o  be 
s i gn i f i c an t  f o r  days t o  bloom, p l an t  he ight ,  g ra in  y i e ld  per p l an t ,  head 
y ie ld  per  p l a n t ,  head length,  500 gra in  weight,  th resh ing  percent ,  and 
gra in  y ie ld  per  hec t a r e  a t  both loaa t ions  (Table 3 ) ,  except f o r  variance 
due t o  t e s t e r s  f o r  g ra in  yield/ha on v e r t i s o l s ,  and variance due t o  
i n t e r ac t i on  f o r  head length on a l f i s o l s .  The number of g ra ins  per  head 
f o r  t e s t e r s  and non-res torers l ines  were not s i g n i f i c a n t l y  d i f f e r e n t  on 
v e r t i s o l s ,  but non-signif icant  i n t e r ac t i on  f o r  t h i s  t r a i t  was noticed on 
a l f i s o l s .  The i n t e r ac t i on  f o r  head y i e ld  per  hec ta re  was not s i gn i f i c an t  
on a l f i s o l s  (Table 3 ) .  
The variances due t o  general  combining a b i l i t y  and s p e c i f i c  combin- 
ing a b i l i t y  were determined f o r  t h e  t en  charac te rs  on a l f i s o l s  and v e r t i s o l s  
and a r e  presented i n  Table 3: t h e  d e t a i l s  a r e  presented below. 
4.3.1: Days t o  bloom: 
The r e l a t i v e  est imates  of t he  var iance  due t o  g . c . a .  and s . c . a .  
were 1.99: l  on a l f i s o l s  and 0.56: l  on v e r t i s o l s .  
4.3.2: Plant he ight :  
The r e l a t i v e  est imates  of t h e  variances due t o  g .c .a .  and s.c.a.  
were 1 .35 : l  on a l f i s o l s  and 0.98:l  on v e r t i s o l s .  
4.3.3: Grain yie ld  per p lant :  
The variance due t o  g.c.a.  was found t o  be 1.00 while tha t  f o r  
s .c .a .  1.32 on a l f i s o l s  while the  s . c . a .  variance (33.53) was nearly 
seven times tha t  of g .c .a .  (4.84) on v e r t i s o l s .  
Head yie ld  per p lant :  
The r e l a t i v e  estimates of variances due t o  g .c . a .  and s . c . a .  were 
0.37:l on a l f i s o l s  and 0.22:l  on v e r t i s o l s  f o r  t h i s  t r a i t .  
4.3.5: Head l enr th :  
The r a t i o s  of g .c .a . / s .c .a .  were 1.33:l  on a l f i s o l s  and 1.42:l on 
ver t  i s o l s  . 
4.3.6: 500 grain weight: 
The r a t i o s  of g .c .a . / s .c .a .  were 3: l  and 0 .65: l  on a l f i s o l s  and 
v e r t i s o l  s  respect ively .  
Number of grains per head: 
The r a t i o s  of g.c.a.1s.c.a. were 0.76:l on a l f i s o l s  and 0.08:l on 
v e r t i s o l s .  
4.3.8 : Threshing percent : 
0.01:l and 0.19:l were t h e  r e l a t i v e  est imates due t o  g.c .a .  and 
s.c.a. variances on alOisols and v e r t i s o l s  respect ively .  
(Cont Id) 
Source d.  f MEAN ..SDUARES 
Threshing % Grain Yield/ha Head yield/ha 
A l f i s o l s  V e r t i s o l s  A l f i s o l s  V e r t i s o l s  A l f i s o l s  V e r t i s o l s  
Hybrids 99 8.06** 9.93** 1084080** 1692460** 1584410** 2343050** 
Males 1 9  14.34** 18.55** 2429890** 3194620** 3564930t* 3767820t* 
Females 4 0.85** 25.16** 3061640** 1624140 4677090** 3488460** 
Males x 
Females 76 6.87** 16.97** 643545* 1320520** 926503 1926570** 
Error  198 0.14 0.87 477757 751017 700963 671378 
(cont ' d) 
Source d . f  MEAN SQUARES 
Head ler.gth 500 grain weight No .of grains/head 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Alf isols  Ver t i sols  Alf isols  Ver t i sols  Alf isols  Ver t i sols  
I 
Replications 2 2.35 20.12** 4.19** 5.41** 688133** 313506 
Hybrids 9 9 8.03** 7.72** 4.00** 4.04** 184594** 515021 
Males 1 9  21.11** 22.84** 12.69** 11.15**  360901** 496592 
Females 4 35,75** 37,07** 18.18** 13,73** 535566** 809767 
Males x 
Females 76 3.30 2 .,39** 1 .09*  1.76** 122045 504116* 
Error 198 1.78 0.84 0.72 0.45 75269 345654 
TABLE 3:  ANALYSIS OF VARIANCE HYBRIDS 
MEAN SQUARES 
Days t o  Bloom Plant height Grain yield Head yield 
Source d. f  per  plant  per plant 
Alfi-  Verti- Alfi-  Ver t i -  Alf i -  Vert i-  Alfi-  Vert i-  
so l s  s o l s  s o l s  s o l s  s o l s  so ls  - so l s  s o l s  
Replica- ** ** ** ** * * 
t i ons  2 23.76 19.02 175.78 0.69 669.75 1.42 395.44 73.48 
Hybrids 
* * * * ** ** * *  * * * * 
Males , 1 9  54.23 40.87 3445.32 4250.03 195.75 268.29 329.89 337.15 
** * * ** * * * * * * 
Females 4 57.37 49.31 1969.;; 2405.06 222.83 300.64 350. ;; 566.26 
Males x ** 
Females' 76 5.5; 7.03 215.63 256.:; 88.;; 102.63 129.;: ~ s I . Z  
1 .) 
Error 198 3.03 1.61 68.36 5.87 57.06 2.34 83.96 13.93 
* Significant  a t  5% level  of s igni f icance  
** Significant  a t  1% level  of s igni f icance  
2 
o g.c.a.  = Variance of general combining a b i l i t y  
2 
o s. c.8. = Variance of spec i f i c  combining a b i l i t y  
g . c . a . / ~ . ~ . ~ .  = Ratio of g,;eba.,,6s.c.a. 
Cmt.. 
Grain y i e ld  per  hec ta re :  
The r e l a t i v e  est imates  of var iances due t o  g . c . a .  were 1 .01 : l  on 
a l f i s o l s  and 0.15:1 on v e r t i s o l s .  
4.3.10: Head y i e ld  per  hec ta re :  
The r e l a t i v e  est imates  of var iances  due t o  g . c . a .  and s . c . a .  were 
4.13:1, 0 .11: l  on a l f i s o l s  and v e r t i s o l s  r e spec t i ve ly .  
4.4: Mean performance of  hybrids: 
The mean va lues  of t h e  100 hybrids  f o r  d i f f e r e n t  charac te rs  under 
study a r e  reported only on a l f i s o l s  and a r e  presented i n  Table 4,  a s  an 
example f o r  t he  reason t h a t  t h e  average performance of t he  hybrids  produced 
by non-restorer  l i n e s  across t e s t e r s  were almost s imi l a r  f o r  most of t h e  
t r a i t s  a t  both locatmons. 
The average performance of t h e  hybrids  produced by non-restorer  l i n e s  
were s i g n i f i c a n t l y  d i f f e r e n t  f o r  a l l  cha rac t e r s  except g ra in  y i e ld  and 
head y ie ld  per  p l an t .  
4.4.1: Days t o  bloom: 
The average performance of t h e  hybrids  produced by non-rest d r e r  
l i n e s  across  f i v e  t e s t e r s  ranged from 56.6 days t o  64.2 days. Among non- 
r e s t o r e r s  l i n e s ,  L7 (55.8 days) was t h e  e a r l i e s t  followed by L14 (56.8 
days), L1 (57.2 days) , and L6 (57.4 days) which showed s t a t i s t i c a l l y  
d i f f e r e n t  lower mean values.  The genotype, LI6 produced l a t e s t  maturing 
hybrids ,  averaging 64.2 days. Among t e s t e r  paren ts ,  t h e  e a r l i e s t  hybrids 
were found with 10406A (57.4 days) and t he  l a t e s t  hybrids were found when 
CK60A was used as t h e  seed parent  (60.0 days) . 
4.4.2: Plant he ight :  
Average p lan t  height of t he  hybrids across  t e s t e r s  ranged from 132 cm 
t o  178 cm. The sho r t e s t  hybrids were found when L3 (132 cm) and L5 (132 cm) 
were po l l i na to r  paren ts .  Dwarf hybrids were a l so  found when L7 (133 cm), 
LI4 (140 cm) , L2 (143 an) and L18 (144 cm) were po l l i na to r  parents  where 
as Lg (178 cm), L16 (176 cm) and L l g  (175 cm) produced t a l l  hybrids. Among 
t e s t e r  paren ts ,  2219A (147 cm) and CK60A (163 cm) r e su l t ed  i n  dwarf and 
t a l l  hybrids r e spec t i ve ly .  
4.4.3: Grain y i e ld  per  p l an t :  
The average y i e l d  per p lan t  of hybrids produced by each non-restore: 
l i n e  across  t e s t e r s  ranged from 26.8 g.  t o  39.6 g .  The hybrids of non- 
r e s t o r e r  l i n e  ( l ine-12)  when averaged across  t he  f i v e  t e s t e r  parents  had 
highest mean performance (39.6 g ) .  Gther good non-restorers  were L 1 
(39.2 g) , L8 (37.4 g) and Llg (36.4 g) . The highest  mean performance 
among t e s t e r s  was found with CK60A (34.1 g . )  
4.4.4: Head y i e l d  per  p l an t :  
Average y i e ld s  f o r  t he  hybrids of non-restorer  l i n e s  across  t e s t e r s  
f o r  t h i s  t r a i t  ranged from 35.2 g. t o  53.6 g. The don-restorer  l i n e s ,  
TABLE 4:  MEN4 PERFORMANCE OF HYBRIDS ON ALFISOLS. 
- 
Days t o  bloom Plant height (cm) 
Line, Tester Tester 
Mean 6 0 . 0  58.9 58.5 57 .4  59 .7  163 147 156 155 155 
Mean 
Contd.. . 
S . E .  + 0 .10  
C.D. at-5% 2 .78  
S.E.  + 0 .47  
C.D. gt 5% 13.22 
Contd. 
Grain y i e l d  p e r  p l a n t  (gm) Head y i e l d  p e r  p l a n t  (gm)  
Line T e s t e r  T e s t e r  
CK60A 2219A 10430A 10406A 10360A Mean CK60A 2219A 10430A 10406A 10360AMean 
Mean 34.1  32.4 31.9 31.9 29.1 45.2 45.9 42.9 42.8 . 39.7 
S.E. + 0.43 
C.D. at 5 % =  12.08 
S . E .  + 0 .53  
- 
C.D. a t  5% = 
Contd.. . 
ncau i c l l g c ~ ~  (LIII J ""- L- - - a -  welgllL ~ g m )  
Line Tes te r  T e s t e n  
CK60A 2219A 10430A 10406A 10360A Mean CK60A 2219A 10430A 10406A 10360A Mean 
L 1 24 24 22 2 3 23  23.2 15.0 13.2 14 .1  13 .6  12.9 13.7 
L 2 23 25 20  2 3 2 3  22.8 11 .5  10.4 11.6 12.7 11.8 11.6 
L 3 24 27 24 2 3 24 24.4 12 .2  10.5 11.9 11 .8  10 ,6  11,4 
L 4  24 27 24 23  26 24.8 13 .7  13 .6  13 .6  13.6 1 3 . 5 1 3 . 6  
L 5 24 25 22 2 4 23  23.6 12.8 11.7 12.7 13.2 12.7 12.6 
L 6 25 24 22 2 4 22 23.4 12 .8  11.8 13.4 13.9 13.0 12.9 
L 7 22 25 22 2 1 23 22.6 12.7 12 .4  13.3 13.2 1 3 . 3 1 2 . 9  
L 8 25 26 23  2 4 24 24.4 12.6 10.7 12.9 11.6 12.6 12 .1  
L 9 2 1  22 22 2 2 22 21.8 14 .1  11 .5  12.8 14.5 1 2 . 5 1 3 . 1  
Mean 22.9 24.3 22.4 22.8 2 2 . 4  13.3 12 .0  13.4 13.2 12.8 
S.E. + 0.07 
- 
C.D. a t  5% = 2.13 
Contd.. 
S.E. - ) 0.04 
C.D. a t  5% = 1.35 
, No.0f gra ins  p e r  head thresh in^ % 
Line Tester  Tester 
- -. .- 
CK60A 2219A 10430A 10406A 10360A Mean CK60A 2219A 10430A 10406A 10360A Mean 
Mean 1294 1386 1221 U6$ 1144 80.0 79 .8  79 .2  78 .7  79 .1  
S.E. + 15 .83  
- 
C.D. a t  5 %  = 438.83 
Contd.. 
S.E. - + 0.02 
C.D. at 5% = 0.57 
Grain y i e l d  q/ha 
Line Tester 
~ - -  - - -
CK60A 2219A 10430A 10406A 10360A Mean 
Mean 37,24 38.37 34.16 35.04 32.86 
p-~ - - 
Head y i e l d  q /ha  
T e s t e r  
CK60A 2219A 10430A 10406A 10360A Mean 
S.E. + 0.39 
- 
C . D .  a t  5% = 11.05 
S.E. + 0.45 
- 
C . D .  a t  5% = 13.39 
s u p e r i o r  i n  producing good hybr ids  f o r  g r a i n  y i e l d  pe r  p l a n t  were a l s o  
s u p e r i o r  f o r  t h i s  t r a i t  i . e .  L12 (53.6 g . ) ,  L1 (52.2 g . ) ,  L8 (50.8 g . )  
and Llg (48.6 g , ) ,  r e s u l t e d  i n  hybr ids  wi th  h igher  head y i e l d s  per  p l a n t .  
I n t ~ r e s t i n g l y ,  t h e  t e s t e r ,  2219A r e s u l t e d  i n  hybr ids  with average 
performance (45.9 g. ) . 
4.4.5:  Head l eng th :  
The mean performance o f  t h e  hybr ids  produced by non- res to re r  l i n e s  
ac ross  t e s t e r s  ranged from 20.6  cm t o  25.6 cm. Among non- res to re r  l i n e s ,  L12 
(25.6 cm) r e s u l t e d  i n  hybr ids  with t h e  longest  heads.  The 'Bf l i n e s ,  
L4 (24.8 cm), Lg (24.4 cm) and L3 (24.4 cm) a l s o  r e s u l t e d  i n  hybr ids  
wi th  good head length .  Among t e s t e r  p a r e n t s ,  2219A and 10360A were found 
i n  hybr ids  wi th  maximum ( 2 4 . 3  an) and minimum (22.4 an) mean va lues ,  
r e s p e c t i v e l y .  
4.4.6:  500-grains weight:  
An examination o f  Table 4  r e v e a l s  t h a t  t h e  hybr ids  of t h e  twenty 
non- res to re r  l i n e s  averaged over  f i v e  t e s t e r s  d i f f e r e d t s i g n i f i c a n t l y  i n  
t h e i r  mean va lue  f o r  ti00 g r a i n  weight.  Among t h e  'B' l i n e s ,  L13 r e s u l t e d  
i n  hybr ids  wi th  t h e  h ighes t  mean performance (15.6 g . )  and l i n e s ,  L1 (13.7 g ) ,  
L15 (13.7 g . ) ,  L4 (13.6 g . ) ,  LI6 (13.6 g . )  and L12 (13.3 g . )  were found 
t o  be super io r .  Among t e s t e r s h y b r i d s  on 10430Ashowed h ighes t  mean 
performance. 
4.4 .7 :  Number of g r a in s  per head: 
The range var ied  from 936 t o  1534 i n  number. Among 'B' l i n e s ,  
L8 (1534), L12 (1502) and L1 (1425) r e su l t ed  i n  hybrids  with r e l a t i v e l y  
, 
higher  values.  Among t e s t e r  pa r en t s ,  2219A (1386) contr ibuted t o  hybrids 
with t h e  maximum mean value.  
4.4.8 : Threshing percent : 
The range was from 76.0 percent  t o  81.6 percent .  Genotypes, L19 
(81.4 percent)  , L16 (80.4 percent)  and L12 (80.4 percent )  were super ior  
among 'B' l i n e s ,  and t h e  t e s t e r  CK60A (80.0 percent )  r e su l t ed  i n  hybrids 
with maximum mean va lues .  
4 .4.9:  Grain y i e l d  pe r  hec ta re :  
Average y i e l d  per  hectare  o f  non- res torer  l i n e s  across  t e s t e r s  
ranged from 31.11/ha t o  43.46 q/ha. The 'B1 l i n e s ,  L12 (43.46 q/ha) ,  L1 
(42.90 q/ha) and L8 (41.66 qlha)  contr ibuted t o  super ior  hybrids f o r  t h i s  
t r a i t .  The r e s u l t s  a r e  genera l ly  i n  agreement wi th  g r a in  y i e ld lp l an t ,  The 
t e s t e r  2219A cont r ibu ted  as seed parent  i n  t h e  h ighes t  y ie ld ing  hybrids. 
4.4.10: Head y i e l d  p e r  hec ta re :  
Average head y i e l d  pe r  hec ta re  of non- res torer  l i n e s  across  t e s t e r s  
ranged from 38.12 q/ha t o  53-73 q/ha. The mean performance of non-restorer  
l i n e s  were similar t o  those  f o r  g r a in  y i e l d  p e r  hac t a r e .  Genotypes, L12 
(53.73 q/ha) ,  L1 (53.6 q h a )  and L8 (52.4 q lha)  among ' 8 '  l i n e s  and 2219A 
(47.74) among t e s t e r s  r e su l t ed  i n  hybrids  with supe r io r  mean perfomance,  
4.5: General and s p e c i f i c  combining a b i l i t y  e f f e c t s  : 
The g .c .a .  e f f e c t s  es t imated f o r  t h e  d i f f e r e n t  c h a r a c t e r s  among 
non- res to re r  l i n e s  and male s t e r i l e  l i n e s  t e s t e r s  a r e  presented i n  t h e  
  able 5a.  The p a r e n t s  showing s u p e r i o r  g . c . a .  e f f e c t s  based on t h e i r  
rank were a l s o  given i n  Table Sb. The e s t i m a t e s  f o r  s . c . a .  a r e  given i n  
Tables 6  and 7  f o r  a l f i s o l s  and v e r t i s o l s ,  r e s p e c t i v e l y ,  
4 . 5 . i t  Days t o  bloom: 
S i g n i f i c a n t  g . c . a .  e f f e c t s  were n o t i c e d  among t e s t e r s  and lB8 l i n e s .  
The estimates o f  e f f e c t s  ranged from -3.1 (L,) t o  5 .23 (Lid) on a l f i s o l s  
and -2.31 (L ) t o  4 .35  (L ) on v e r t i s o l s .  'B' l i n e s ,  L l q  (-2.10,  -2.31 14 16 
a l f i s o l s ,  v e r t i s o l s )  , L4 (-2.23,  -1.84) and L6' (-1.56, -1.84) recorded 
h igh ly  nega t ive  g .  c . a .  e f f e c t s  on t h e  c o n t r a r y  L16 (5.23,  4 .35) )  L17 
(2.56, 2.68) and L12 (1 .83,  1.22) e x h i b i t e d  h igher  p o s i t i v e  g . c . a .  
e f f e c t s  a t  both  l o c a t i o n s .  Among t e s t e r  p a r e n t s  10406A y ie lded  e a r l y  
hybr ids  (-1.41, -1.41) and CK60A was a  good combiner t o  produce l a t e  
maturing hybr ids  (1.03 1.10) . 
Out of 100 c r o s s e s ,  f i v e  c r o s s  combination on a l f i s o l s  and twenty 
t h r e e  on v e r t i s o l s  showed s i g n i f i c a n t  s .c .  a. e f f e c t s .  The es t ima tes  of 
s . c . a .  e f f e c t s  ranged from -3.68 (10430A x Lll) (low x high)  t o  4.63 
(CK6OA x Lll) (high x high) i n  a l f i s o l s  and -4.28 (10430A x L,) (low x 
low) t o  3.48 (10406A x L16) (low x high)  on v e r t i s o l s .  The c r o s s  combination 

TABLE 5a: GENERAL COMBINING ABILITr' EFFECTS 
- 
Days to Bloom Plant Height Grain Yield Head Yield Head Length 
W e s  per plant per plant 
Alfisols Ve*isals Alfisols Vertisols Alfisols Vertisols Alfisols Vertisols Alfisols Vertisols 
- - 
L1 -1.7** -0.91' 1.81 5.44** 7.09* 4.38** 8.71** 4.56** 0.47 -0.15 
L2 -0.30 -1.58* -12.38** -15.08** -5.23* -7.49** -8.03** -9.96** -0.24 -0.11 
L3 -0.90 -0.51 -23.38** -24.62** -1.13 -3.92** -1.61 -5.18** 1.66** 2.19** 
L4 
-2.23** -1. R4** 12.61** 11.24** -1.38 -2.08** -2.45 -0.54 1.74** 2.64** 
L5 -0.30 0.08* -24.78** -29.02** 1.06 -3.15** 1.26 -3.91** 0.44 0.07 
L6 -1.56** -1.84** 5.68* - 0.22 -0.47 -2.56** -1.28 -1.97* 0.37 0.37 
L7 -3.1** -0.71* -22.48** -20.35** -0.77 -1.06* -0.92 -0.78 -0.46 -1.01** 
L8 1.30** 1.28** - 1.31 -1.28 4.95* 2.85** 7.64** 4.09** 1.16** 0.26 
L9 0.36 0.02 21.88** 22.78** 1.65 6.51** 1.66 8.09** -0.89* 0.24 
L1o -0.76 -0.31 3.88 0.78 1-56 5.21** 0.56 3,20** -1.35** -0.81** 
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v i z . ,  10406A x Lll (low x high) gave t he  higher negative s .  c .  a .  e f f ec t  
(-2.58) while 2219A x LI1 (low x high) (2.13) ,  (10430A x L15 (low x low) 
(1.18),  showed s ign i f i c an t  pos i t i ve  s . c . a .  e f f e c t s  on a l f i s o l s .  The 
c ross  combinations, 10360A x L2 (low x low) (-2.58),  CK60A x L6 (high x 
low) (-2.50),  10406A x L10 (low x low) (-2.18) showed s ign i f i c an t l y  
negative s . c . a .  e f f e c t s  and on t he  cont ra ry ,  c rosses ,  v i z . ,  2219A x L6 
(low x low) (3.29),  CK6OA x L14 (high x low) (2.96) gave pos i t i ve  s  . c . a .  
e f f e c t s  an v e r t i s o l s .  
4.5.2: Plant he ight :  
The est imates  of g .c .a .  e f f e c t s  f o r  t e s t e r s  and ! B f  l i ne s  ranged 
from -24.78 (L5) t o  21.88 (Lg) on a l f i s o l s  and -29.02 (L5) t o  25.91 
(L16) on v e r t i s o l s .  Highly s i gn i f i c an t  negat ive g . c . a .  estimates were 
exhibi ted by L5 -24.78, -29.02 a l f i s o l s ,  v e r t i s o l s )  , L3 (-23.38, -24.62), 
L, (-22.48, -20.35) and Llq (-13.85 t o  -13.48) a t  both locat ions.  ' B '  l i n e s ,  
Lg (21.88, 22.78), L16 (19.61, 25.91) and Llg (19.14, 17.31) showed highly 
s i gn i f i c an t  pos i t i ve  g.c .a .  e f f e c t s .  Two t e s t e r  parents  v i z . ,  2219A 
(-8.11, -8.58), CK60A (8.06, 8.61) were recorded highly negat ive and 
pos i t i ve  g. c .  a. e f f e c t s  respec t ive ly  at both loca t ions .  
S igni f ican t  s. c.  a. e f f e c t s  were not iced f o r  t h i r t e e n  c ross  combinations 
on a l f i s o l s  and f o r  s i x t y  e igh t  on v e r t i s o l s .  The s . c . a .  e f f e c t s  ranged 
from -19.22 (2219A x LC) (low x high) t o  37.26 (CKCOA x L I 1 )  (high x low) 
on a l f i s o l s  and on v e r t i s o l s  when t h e  range was -25.08 t o  33.85 f o r  t he  same 
crosses .  The combinations v i z . ,  2219A x Ll1 (high x high) (-18.55),  on 
t 
a l f i s o l s ,  CK60A x L1, (high x low) (417.49) and CK60A x L2 (high x low) 
(-14.66) a t  both loca t ions  showed negat ively s i gn i f i c an t  s . c . a .  e f f e c t s .  
Highly s i gn i f i c an t  pos i t i ve  s .  c .a .  e f f e c t s  were not iced f o r  the  combinations, 
v i z . ,  CK60A x L6 (high x high) (13.26), 10360A x L8 (low x low) (12.58), 
on a l f i s o l s  and 10430A x L7 (low x low) F13.23) showed high s  . c . a .  e f f ec t  a t  
both locat ions.  The other  combinations with higher  s . c . a ,  were 10360A x L6 
(high x low) (19.25), 10406A x L17 (low x low) (11.53) on v e r t i s o l s .  
4.5.3: Grain y ie ld  per p lan t :  
S ign i f ican t  g.c.a.  e f f e c t s  were not iced among t e s t e r s  and ' 8 '  
l i ne s  f o r  t h i s  character .  The g .c .a .  e f f e c t s  ranged from -5.23 t o  
7.63 on a l f i s o l s  and from -7.49 t o  6.51 on v e r t i s o l s .  ' 8 '  l i n e s ,  L12 
(7.63) on a l f i s o l s  and L (6.51) on v e r t i s o l s  exhibi ted highest pos i t ive  9 
g.c.a.  e f f e c t s .  S ign i f ican t  pos i t i ve  g .c .a .  e f f e c t s  were recorded f o r  
L1 (7.091 4.38 a l f i s o l s ,  v e r t i s o l s ) ,  L19 (4.52, 4.61) and L8 (4.95, 2.85) 
a t  both locat ions.  Tes te r  paren t ,  CK60A showed highest g .c .a .  e f f e c t  a t  
both loca t  ions.  
By observation of Tables 6 & 7 it was notkd t h a t  of 100 crosses ,  
s i x  cross  combinations & a l f i s o l s  and t h i r t y  six .an v e r t i s o l s  showed 
s i g n i f i c a n t l y  pos i t i ve  s . c . a .  e f f ec t s .  Out of these  c rosses ,  t he  highest 
s. c. a. e f f ec t  16.53 was not iced i n  t h e  combination 10430A x L10 (low 
combiner x high combiner) on a l f i s o l s  and, 14.69 i n  t he  combination 
CK60A x  L10 (high x  high) on v e r t i s o l s .  P o s i t i v e l y  s i g n i f i c a n t  s . c . a .  
e f f e c t s  were a l s o  recorded f o r  t h e  combinations v i z . ,  10406A x  L~~ 
(low x  low) (11.29),  CK60A x L1 (high x high) (11.04) 10430A x Lg (low x  
low) (10.11) and 2219A x  LZ0 (low x  low) (9.78) on a l f i s o l s .  And on 
v e r t i s o l s  t h e  supe r io r  combinations were 10430A x  L (low x high) (12.90) ,  8  
CK60A x  L l l  (high x high) (12.31),  10430A x  L14 (low x  low) (9.78) and 
10360A x  L7 (high x  low) (7.03) .  
4 .5 .4 :  Head y i e l d  p e r  p l a n t :  
The es t imates  of g . c . a .  e f f e c t s  a r e  i n  accordance with g r a in  y i e l d  
pe r  p l a n t .  The pa ren t s  ranged from -8.03 (L,)  t o  10.43 (LIZ) on a l f i s o l s  
& 
and -9.96 (LZ) t o  8.09 (L9) on v e r t i s o l s .  Amogg 'B' l i n e s ,  L1 (8.71 t o  
4.56) ,  L19 (5.24, 3 .57) ,  and L8 (7.64, 4.09) showed s i g n i f i c a n t  p o s i t i v e  
g .c .  a .  e f f e c t s  a t  both l oca t i ons .  
Tes t e r  paren t  10360A (-3.55, -3.56) recorded s i g n i f i c a n t  nega t ive  
g. c .  a .  a t  both l oca t i ons  while CK60A (4.07) showed s i g n i f i c a n t  p o s i t i v e  
g . c . a .  e f f e c t  on v e r t i s o l s  only.  
Out of 100 c rosses  only s i x  on a l f i s o l s  and twenty s i x  on v e r t i s o l s  
showed s i g n i f i c a n t  p o s i t i v e  s . c . a .  e f f e c t s .  The r e s u l t s  a r e  i n  accordance 
with g r a i n  y i e l d  pe r  p l a n t  except t h a t  only 28 c rosses  were found t o  be 
s i g n i f i c a n t  on v e r t i s o l s .  The s . c . a .  e f f e c t s  ranged f r o m  -11.30 (2219A x 
Lll) (high x  low) t o  17.24 (10430A x  LlO) (low x low) on a l f i s o l s  and 
-11.34 t o  14.09 (L10 x CK60A) low x high  (CK60A x L7) (high x low1 on 
TABLE 6 : SPECIPIC COMBININ(; ABILITY EFFECTS OF HYBRIDS. ON ALFISOLS. 
Days t o  bloom Plant height 
Line Tester  T e s t e ~  
CK 60A 2219 A 10430 A 10406 A 10360 A CK 60A 2219 A 10430 A 10406 A 10360 A 
L 1 9  1.50 -0.03 -0.81 -0.38 -0.26 1.46 -0.02 0.28 -0.51 -1.21 
L 2 0  1.56 -0.3 -0.08 -1.31 0.13 -5.13 4.37 2.01 -3.44 2.18 
S.E. ( s $ )  + 1-00 A S.E. (Si j )  _f_ 4.77 
Signif icant  a t  5% leve l  of s ignif icance 
** Signif icant  a t  1% level  of s ignif icance 
Contd. 
Grain y i e l d  per plant  Head y i e l d  per plant  
Line Tester  Tester  
CK 60A 2219 A 10430 A 10406 A 10360 A CK 60A 2219 A 10430 A 10406 A 10360 
A 
4.361 S.E. ( S i j )  - + 5.290 
* Signif icant  a t  5% l e v e l  of s ign i f i cance  
**  Signif icant  a t  1% l e v e l  of s ign i f i cance  
* 
r l M O O t - I n  M N M m M M O b t m N p r l  
. p m r l M N a 8 m " N m - M N  
. . . . . . . . . . . . . .  ? ? " ? ? - ? 1  
0 0 0 0 0 0 0 0 r l 0 0 0 0 0 0 ~ ~ 0 0 0  
I I I I I I 
No.of grains per head -Threshing % 
Line.- Tester Tester 



















- 3.50 6.26 
-288.28 389. OO*' 
S.E. (ST]) - + ~- - - -  ~ A. S.E. ( S i j )  - + 
Signif icant  a t  5% level o f  s ignif icance 
** Signif icant  at  1% level o f  s ignif icance 
Contd. 
Grain yield/ha Head yieldlha 
Line.. Tester  Tester 




,1263. OO* 886.39* 
36.20 -282 -83 
215.49 -428.55 
-310.46 -283.93 






L 20 -644.04 199.57 -129.83 59.83 633.81 -675.7 1 364.65 -168.52 306.01 173.56 
S.E.  (4) f_ 399.370 A S.E. (S i j )  5 483.370 
* Significant a t  5% level  of significance 
** Significant a t  1% level of significance 
. . . . . . . . . . . . . . . . . . .  
I n b H O r l * P w N 3 N I n I n M * N 3 + ' D m  rn I I  3 1  1 I *  I 1 4 1  1 I ' l a  
Contd . 
Grain y ie ld  per plant Head y ie ld  per plant 
Line Tester Tes.ter 
CK 60A 2219 A 10430 A 10406 A 10360 A CK 60A 2219 A 10430 A 10406 A 10360A 
0.58 3.21** -0.62 1.90* -5.  O8** 2.57 
S .E .  (s?j) - + 
Significant a t  5% leve l  of  significance 
** Significant a t  1% l eve l  of significance 
Contd . 
Head length 500 grain - weight 
Line Tester . Tester 






















S.E. ( S i j )  + 0.530 S.E. ( S i j )  - + 0.389 
* Signif icant  a t  5% l eve l  o f  s ignif icance 
** Signif icant  a t  1% l e v e l  o f  s ignif icance 

Contd. 
Grain yield/ha Head y i e l d  fha 
Line Tester Tester 
CK 60A 2219 A 10430 A 10406 A 10360 A CK 60A 2219 A 10430 A 10406 A 10360 A 
S.E. (dj) - + 500.338 S.E. (591) r 437.067 
* Sinnif icant  at 5% l e v e l  of  s i m i f i c a n c e  
** s i g n i f i c a n t  a t  1% l e v e l  o f  s ign i f i cance  
v e r t i s o l s .  Pos i t ive ly  s ign i f i can t  s . c . a .  e f f e c t s  were a l s o  exhibi ted 
by cross  combinations v i z . ,  10406A x L15 (low x low) (13.07), CK60A x 
L1 (high x high) (13.80), 2219A x 120 (high x  low) (12.56) on a l f i s o l s  
and CK60A x L10 (high x high) (14.09) , 10430A x L8 (low x high) (1 1.98) 
and 10430A x L14 (low x  low) (9.23) on v e r t i s o l s .  
4.5.6: Head length :  
The est imates f o r  g .c .  a. ranged from -2.22 (L13) t o  2.81 (LIZ) on 
a l f i s o l s  and -2.37 (L13) t o  2.64 (L4) on v e r t i s o l s .  Among 'B' l i n e s ,  
L12 (2.81, 1.95) ,  L4 (1.74, 2.8 9 and L3 (1.66, 2.19) exhibi ted highly 
s i g n i f i c a n t  pos i t i ve  g.  c .a .  e f f e c t s .  The t e s t e r  parent ,  2219A (1.32, 
1.34) exhibi ted h ighly  s i g n i f i c a n t  p o s i t i v e  g .  k. a .  e f f e c t  a t  both 
loca t  ions.  
S ign i f i can t  pos i t i ve  s . c . a .  e f f e c t s  were not iced  f o r  s i x  cnosses 
on a l f i s o l s  and v e r t i s o l s .  The range observed was from -2.53 (10430A x 
L2) (low x low) t o  2.28 (CK60A x Lll) (low x low) on a l f i s o l s  and -2.43 
(CK60A x L4) (low x high) t o  2.07 (CKSOA x LlO) (low x low) on v e r t i s o l s .  
Some crosses  showing pos i t i ve  s i g n i f i c a n t  s . c . a .  e f f e c t s  were 10408A x 
L15 (low x low) (1.78), 10360A x L4 (low x high) (1.76) ,  and CK60A x L6 
(low x low) (1.65) on a l f i s o l s  and CK60A x Ll l  (,low x low) (1.56), 10430A x 
L4 (low x high) (1.38) and 10430A x Lg (low x low) (1.28) on v e r t i s o l s .  
4.5.6: 500-grain weight: 
The 'B' l i n e s  were found t o  be s i g n i f i c a n t l y  d i f fe ren t  f o r  t h e i r  
combining a b i l i t y  e f f ec t s .  The g .c .a .  ranged from -1.55 (L3) t o  2.68 (L13) 
on a l f i s o l s  and -1.61 (L3) t o  2.02 (L13) on v e r t i s o l s .  ' 8 '  l i n e s ,  
L1 (0.76, 0.41), LI5  (0.77, 1.34) and L16 (0.61, 0.70) showed s ignif icant  
posi t ive  g .c . a .  e f f e c t s  a t  both loca t i  a s .  Among t e s t e r s ,  10430A was 
I 
a superior combiner (0.40, 0.38) a t  both locations.  
Signif icant ly  posi t ive  s . c . a .  e f f e c t s  were noticed for three  and 
ten crosses on a l f i s o l s  and v e r t i s o l s  respect ively .  The cross combina- 
t ions  ranged from -1.19 (2219A x L13) (low x high) t o  1.85 (1043OA x 
L13) (high x high) on a l f i s o l s  and -1.87 (221914 x Lll) (low x low) t o  
1.96 (CK60A x Lll) (low x low) on v e r t i s o l s .  The cross combinat 
v i z . ,  CK60A x Lll  (high x high) (1.54) and 10604A x Lg (low x low) (1.12) 
on a l f i s o l s  and 2219A x L17 (low x low) (1.79) and 10406A x L7 (high x 
high) (1.62) on v e r t i s o l s  showed superior s .  c  .a .  e f f e c t s .  
4.5.7: Number of gra ins  per head: 
An examination of g.c.a. e f f e c t s  f o r  t h i s  character indicated tha t  
'B' l i n e s  d i f fe red  s ign i f i can t ly  f o r  t h e i r  combining a b i l i t y  e f fec t s .  
Among 'B' l i n e s  L12 (253.56) and L1 (177.22) on a l f i s o l s  and L4 (526.51) 
on v e r t i s o l s  and showed highly superior combining a b i l i t y  whereas Lg 
(286.13, 166.31) showed superior performance a t  both locations.  Tester,  
2219A gave s ign i f i can t  posi t ive  g .  c. a. ef fect  (138.09) among f i v e  t e s t e r s  
on a l f i s o l s .  
Only f i v e  crosses on a l f i s o l s  and two crosses on v e r t i s o l s  had 
s ign i f i can t  pos i t ive  s .c.a.  ef fects  f o r  t h i s  t r a i t .  The range was from 
-351.27 (2219A x L18) (high x low) t o  451.87 (10430A x Lg) (low x law) 
on a l f i s o l s  and -767.16 (CK60A x L4) (low x high) t o  2594.72 (10406A x 
L4) (high x high) on v e r t i s o l s .  Crosses v i z . ,  10406A x L15 (low x low) 
(392.05), 2219A x LZ0 (high x low) (389.00) on a l f i s o l s  and CK60A x L10 
(low x low) (747.04). on v e r t i s o l s  exhib i ted  pos i t i ve ly  s i gn i f i c an t  s .c .a .  
e f f e c t s .  
4.5.8: Threshing percent :  
S ign i f i can t l y  d i f f e r e n t  es t imates  of g .c .a .  e f f e c t s  were recorded 
f o r  t e s t e r s  on v e r t i s o l s  and f o r  'B' l i n e s  a t  both loca t ions .  L19 (1.54, 
1.60) was found t o  be combining well  a t  both l oca t i ons  f o r  t h i s  t r a i t .  
The 'B' l i n e s ,  LZ0 (1.84), L4 (1.35) on a l f i s o l s  and LI5 (1.54), L10 (1.46) 
on v e r t i s o l s  were among those found t o  be supe r io r  combiners. Among 
t e s t e r  paren ts ,  10406A exhib i ted  h igh ly  s i g n i f i c a n t  pos i t i ve  g.c .a .  e f f e c t  
on v e r t i s o t s .  
Among t h e  100 c ros se s  only thirrty e igh t  on a l f i s o l s  and f i f t e e n  on 
v e r t i s o l s  were found t o  be p o s i t i v e l y  s i g n i f i c a n t .  The s .  c. a. ranged 
from -3.27 (10430A x L7) (low x low) t o  3.53 (2219A x L,) (low x low) 
on a l f i s o l s  and from -2.94 (10430A x L4) (low x low) t o  5.02 (CK6OA x L4) 
(low x low) on v e r t i s o l s .  The o the r  cambina t ims  showing s i g n i f i c a n t l y  
p o s i t i v e  s .c .a .  e f f e c t s  were CK60A x L15 (low x .low) (2.44), 10486A x tg 
(low x 1ow)(2.26~on a l f i s o l s  and 10406A x L6 (high x law) (4.02), 2219A X 
LZO (low x high) (2.44), 10360A x L6 (medim f low) (2.31) on v e r t i s o l s .  
4.5.9: Grain y ie ld  per  hec ta re :  
The est imates  of g .c .a .  e f f e c t s  on a l f i s o l s  were i n  agreement 
t 
with t h a t  of g ra in  y i e ld  per  p lan t  on a l f i s o l s .  LI2 (850.31) L15 
(780.53) and L (655.86) on v e r t i s o l s  were found t o  be s i gn i f i c an t l y  8 
super ior  i n  t h e i r  combining a b i l i t y  f o r  g ra in  y ie ld  per  hectare .  Among 
t e s t e r s ,  2219A (286.8) exhibi ted highest  g .c .a .  on a l f i s o l s .  
Only one c ross  combination, CK60A x L15 (low x low) (927.15), on 
a l f i s o l s  and two crosses  v i z . ,  CK60A x L4 (low x low) (2229.80), 2219A x 
LZ0 (low x low) (978.57) on v e r t i s o l s  showed pos i t i ve ly  s i gn i f i c an t  
s . c . a .  e f f e c t s .  The crosses  v i z . ,  10360A x L10 (low x low) (-1207.34) 
on a l f i s o l s  and 10460A x L16 (-1517.39) on v e r t i s o l s  showed negat ively 
s i gn i f i c an t  s . c . a .  e f f e c t s .  
4.5.10: Head y i e ld  per  hec ta re :  
The r e s u l t s  a r e  i n  agreement with gra in  y i e ld  per  hec ta re .  The 'B' 
l i n e s  L1,(927.00, 458.01) ( a l f i s o l s ,  v e r t i s o l s ) ,  L8 (810.05),(715.67) and 
L12 (939.50, 776.67) showed s i g n i f i c a n t ,  p o s i t i v e  g .  c .a .  e f f e c t s  a t  both 
loca t ions .  
Three c ross  combinations v i z . ,  2219A x L10 , (high x low) (9&1.70), 
CK60A x L15 (low x low) (926.44) and 10360A x L4 (low x low) (886.39) 
on a l f i s o l s  and two crosses  viz . ,  CL60A x L4 (low x low) (2371.41), 10406A x 
L17 (high x lou) on v e r t i s o l s  shored pos i t i ve ly  s i g n i f i c m t  s.c.a. e f f ec t s .  
4.6 :  Corre la t ions :  
The c o r r e l a t i o n  c o e f f i c i e n t s  were computed among e igh t  d i f f e r e n t  
cha rac t e r s  from 100 c rosses  a t  both l oca t i ons .  The co r r e l a t i ons  were 
a l s o  worked out  between per s e  performance o f  non- res torer  l i n e s  and 
-
t h e i r  g.  c. a. e f f e c t s  a t  both l oca t i ons .  
4.6.1: Corre la t ions  among e igh t  cha rac t e r s  of hybrids:  
The co r r e l a t i on  c o e f f i c i e n t s  among e igh t  charac te rs  On a l f i s o l s  and 
v e r t i s o l s  a r e  presented i n  t a b l e s  8 and 9  r e spec t i ve ly .  
A c lo se  observat ion of Tables88 and 9  revealed t h a t  g r a in  y i e ld  per  
p l an t  was be s t  co r r e l a t ed  wi th  p l an t  he ight  (r = 0.222, 0.495), ( a l f i s o l s ,  
v e r t i s o l s )  head y i e l d  per  p l a n t  ( r  = 0.916, 0.895) 500-grain weight 
( r  = 0.206, 0.284) and number of  g r a i n s  p e r  head (r = 0.925, 0.355) . Head 
y i e l d  per  p l an t  was co r r e l a t ed  s i g n i f i c a n t l y  wi th  head length (r = 0.631, 
0.286) and wi th  number of  g r a i n s  p e r  head ( r  = 0.858, 0.316) a t  both 
l oca t i ons .  Grain y i e l d  pe r  p l a n t  was s t rong ly  and p o s i t i v e l y  co r r e l a t ed  
with head length (r = 0.574) and t h r e sh ing  percent  ( r  = 0.244), p l a n t  
he ight  with t e s t  he igh t  ( r  = 0.435), head length  with number of g r a in s  
pe r  head ( r  = 0.634) on a l f i s o l s  only.  P o s i t i v e l y  s i g n i f i c a n t  c o r r e l a t i o n s  
were a l so  exhib i ted  by p l a n t  he ight  with head y i e l d  pe r  p l an t  ( r  -= 0.477) 
and thresh ing  percent  ( r  = 0.289), head y i e l d  p e r  p l an t  with 500-grain 
weight ( r  = 0.272) on v e r t i s o l s  only.  I n t e r e s t i n g l y  nega t ive ly  s i g n i f i c a n t  
c o r r e l a t i o n  was no t i ced  between head l eng th  and thresh ing  percent  
same loca t i on .  

TABLE 9 : CORRELATION COEFFICEENTS AMONG DIFFERENT CHARACTERS OF W B R D I S  ON VERTISOLS 
Days t o  Plant height Grain y ie ld  Head y ie ld  Head length 500 grain.  Threshing No. of 
bloom per p lan t  per  p lan t  weight % grains  per  
Days t o  bloom 
Plant height 
Grain yield 
per  plant  
Head y i e ld  





No. of g ra ins  
per head 
- s ign i f ican t  a t  5% and 1% leve ls  of p robabi l i ty  respect ively 
TABLE 1 0  : CORRELATION CO-EFFICIENT BETWEEN MEAN PEROFRMANCE 
OF THE NON-RESTORER L I N E S  ('B' l i n e s )  AND THEIR 
8 . c . a .  EFFECTS 
. - 
Charac te r s  'r' v a l u e s  
A l f i s o l s  Vert i s o l s  
Days t o  bloom 
Plant  he igh t  
Grain y i e l d  p e r  p l a n t  
Head y i e l d  per p l a n t  
Head l e n g t h  
500 g r a i n  weight 
Threshing % 
No. of  g r a i n s  p e r  head 
4.6 .2  : Cor re l a t ions  between mean performance of  non-res torer  l i n e s  and 
t h e i r  es t imates  o f  g .c .a .  among d i f f e r e n t  c h a r a c t e r s .  
Highly s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  were observed (Table 10) 
between pe r  s e  performance of 'B' l i n e s  and t h e i r  g .  c .  a .  e f f e c t s  f o r  
t h e  t r a i t s  v i z . ,  days t o  bloom (0.80?, 0.462) ( a l f i s o l s ,  v e r t i s o l s )  
p l a n t  height  (0.800, 0.668) and head l eng th  (0.738, 0.728) a t  both 
loca t ions .  
S ign i f i can t  p o s i t i v e  c o r r e l a t i o n s  were observed f o r  t h e  t r a i t s ,  
500-grain weight (0.743) and th re sh ing  percent  (0.559) only on a l f i s o l s .  
But f o r  g r a i n  y i e l d  pe r  p l a n t  (0.181, 0.052) ( a l f i s o l s ,  v e r t i s o l s ) ,  head 
y i e l d  pe r  p l a n t  (0.120) 0.121) and number of  g f a i n s  pe r  head (0.269), 
(-0.115) t h e  c o r r e l a t i o n s  were no t  s i g n i f i c a n t  a t  both loca t  ions .  
D I S C U S S I O N  
Concentrated e f f o r t s  towards t h e  development of sorghum hybrids 
, 
i n  Ind ia  s t a r t e d  twenty years  ago. The f i r s t  sorghum hybridq, CSH-I, 
and CSH-2 re leased  f o r  commercial c u l t i v a t i o n  i n  t h e  e a r l y  60s i n  India  
were based on t h e  introduced male s t e r i l e  combine k a f i r  80A. Since then 
s eve ra l  higher  y i e ld ing  hybrids  have been re leased .  Some re leased  hybrids  
have not  been commercially success fu l .  A s e r i ous  l im i t a t i on  i n  developing 
super ior  hybrids  i s  a l imi ted  choice of  seed paren ts .  Therefore,  develop- 
ment of supe r io r  seed paren ts  i s  important t o  t h e  development o f  super ior  
hybrids .  
The random mating populat ions of non- res torers  developed a t  ICRISAT 
o f f e r  i d e a l  source mater ia l  f o r  der iv ing  non- res torer  l i n e s .  Large numbers 
of non- res torers  from these  populat ions have been already i d e n t i f i e d  a t  
ICRISAT and more w i l l  appear a s  s e l e c t i o n  proceeds f u r t h e r .  Some non- 
r e s to r ing  l i n e s  have been i d e n t i f i e d  from conventional pedigree breeding 
as  well a s  from r e s t o r e r  populat ions.  
The conversion of 'B1 l i n e s  i n t o  ' A 1  l i n e s  (male s t e r i l e  l i n e s )  i s  
a laboureous process  of  backcrossing and is t ime consuming. There i s  a 
chance t h a t  a f t e r  convert ing a l a rge  number o f  non- res torers  t o  A-B l i n e s  
only a few ' A 1  l i n e s  a r e  found t o  produce hybrids  with b e t t e r  yield 
p o t e n t i a l  than t h a t  of t h e  re leased  hybrids .  
The present  s tudy was i n i t i a t e d  with t h e  ob j ec t ive  t o  i d e n t i f y  
among non-restoring l i n e s  those l i n e s  t h a t  have t h e  g rea t e s t  po t en t i a l  
a s  geed parents  i n  hybrids - only t hese  would then be converted t o  A-B 
> 
l i n e s .  
Twenty non-res torer  1 ines  having d e s i r a b l e  p l an t  and gra in  a t t r i -  
butes  were crossed with f i v e  cytoplasmic gene t i c  male s t e r i l e  l i n e s  
( t e s t e r s )  of  d ive r se  o r ig in  but with s i m i l a r  matur i ty  and p lan t  height .  
(Table 1 ) .  Since these  hybrids were developed from crosses betwean A x B 
l i n e s ,  t h e  F l l s  were male s t e r i l e .  In order  t o  eva lua te  t he se  hybrids a  
p o l l i n a t o r  bulk was i n t e rp l an t ed .  Good seed s e t  was observed on these  
s t e r i l e  hybrids which i s  r e f l e c t e d  by acceptable gra in ,  y i e ld  pe r  
p l a n t  a t  both l oca t ions  i nd i ca t ing  t h a t  t he se  hybrids could be evaluated 
successfu l ly .  
The ANOVA of parents  showed h igher  mean squares f o r  non-res torer  
l i n e s  than f o r  t h e  t e s t e r s  f o r  most t r a i t s  i nd i ca t ing  g r e a t e r  d i v e r s i t y  
i n  t h e  non-res torer  l i n e s .  These observat ions confirm e a r l i e r  not ions 
t h a t  a  s tudy of  t h i s  kind on these  l i n e s  would be u se fu l  i n  ident i fy ing  
p o t e n t i a l  female parents .  
The i n t e r e s t i n g  non-res torers  f r o m  t h i s  s tudy  se l ec t ed  e i t h e r  on 
t h e  bas i s  of high per - s e performance f o r  g r a i n  y i e l d  o r  on high g .c .a .  
e f f e c t s  a r e  given i n  Table 11 along wi th  days t o  bloom, p l an t  height  and 
important y i e l d  cont r ibut ing  f a c t o r s  assoc ia ted  with g ra in  y i e ld s .  I t  was 
observed t h a t  l i n e s  1, 8, and 12 have t h e  bes t  p o t e n t i a l  t o  produce high 
Table 11: PERFORMANCE OF SELECTED LINES AND THEIR HYBRIDS FOR GRAIN YIELD, 
DAYS TO BLOOM, AND PLANT HEIGHT. 
I 
Grain y ie ld  Days t o  bloom Major y ie ld  
Line Hybrid Line 'lant height contributing Hybrid Line 
"ybrid f a c t o r  
L l  V.high V .  high Early Early I n t e r -  Tal l  Kernel weight 
mediate 
La I n t e r -  Low Medium Medium Dwarf V.Dwarf 
mediate 
L6 In te r  - Low Early Early I n t e r -  In te r -  - 
mediate mediate mediate 
L8 V .  low V.high I n t e r -  Late I n t e r -  In te r -  - 
mediate mediate mediate 
L9 In te r -  In te r -  I n t e r -  I n t e r -  I n t e r -  Tal l  Gra inno .  
mediate mediate mediate mediate mediate 
L10 V .  low In te r -  I n t e r -  I n t e r -  I n t e r -  In te r -  - 
mediate mediate mediate mediate mediate 
L11 I n t e r -  V.1ow I n t e r -  Late In te r -  Dwarf Grain no. & 
mediate mediate mediate threshing % 
L12 V.high V.high Late Late T a l l  Ta l l  Grain no.head 
length and 
threshing 
L1S High I n t e r  - I n t e r -  I n t e r -  Tal l  Tal l  Kernel wt. & 
mediate mediate mediate Threshing 
L19 High In te r -  I n t e r -  I n t e r -  T a l l  Tal l  Threshing % 
mediate mediate mediate 
yielding hybrids followed by LIS ,  L19, Lg and LlO.  Among the  best 3 
l i ne s ,  L produced e a r l y  and t a l l  hybrids ,  L8 l a t e  and medium height 1  
hybrids whereas L12 produced l a t e  and t a l l  hybrids .  A close look a t  
I 
Table 11 indicated t h a t  high y ie ld ing  hybrids can be produced by l a t e  
a s  well a s  ear ly  l i n e s  of t a l l  and intermediate height .  Similar ly high 
yielding hybrids may can vary i n  hight and maturi ty .  
The observations on t h e  per - s e  performance of t he  l i ne s  and t h e i r  
hybrids f o r  t h r e e  measured charac te rs  namely, maturi ty ,  plant  height 
and y ie ld  revealed t h a t  dwarf l i ne s  produce only dearf hybrids, t a l l  l i ne s  
on t h e  o ther  hand produced t a l l  hybrids whereas intermediate l i ne s  may 
produce e i t h e r  t a l l ,  intermediate o r  dwarf hybrids. The same r e l a t i onsh ip  
a l so  e x i s t s  f o r  maturi ty .  However, f o r  g ra in  y i e ld  a l l  kinds of va r i a t i ons  
were noted i .e .  high y ie ld ing  l i ne s  produced high and intermediate hybrids; 
very low yielding l i n e s  produced low a s  well a s  very high yielding hybrids 
and intermediate  types produced a l l  types ,  from very low t o  high yielding 
hybrids. 
The above observations were f u r t h e r  supported by t he  cor re la t ion  
values ( r  values) between per - s e  performance of  the  l i ne s  and t h e i r  g.c.a.  
e f f ec t s .  I t  was observed t h a t  except f o r  g ra in  y i e ld ,  head y ie ld  and 
number of g ra ins  per  head t h e  cor re la t ion  values f o r  other  charac te rs  were 
s i gn i f i c an t  and pos i t i ve  emphasizing t h a t  t h e  per - s e  performance of t he  
l i n e  i s  no t  a  good measure of hybrids produced by them f o r  gra in  y i e ld  and 
grain number per  head. Similar  r e s u l t s  were reported by Kaw and Menon (19781 
i n  soybean. Similar ly Singh and Josh i  (1966) while working with linseed 
f e l t  t ha t  t he  paren ta l  performance i t s e l f  i s  not necessar i ly  a  guarantee 
of j t ' s  usefulness i n  a  breeding programme espec ia l ly  f o r  y ie ld .  lhereas  
t h e  hybrids performance f o r  characters  namely maturi ty ,  he'ight, head length 
and t o  a  good extent  f o r  kernel weight and threshing percent can be predicted 
on t he  ba s i s  of performance of t h e i r  paren ts .  
In te r - re la t ionsh ip  among several  charac te rs  of hybrids showed 
pos i t ive  s i gn i f i c an t  co r r e l a t i ons  between gra in  y ie ld  and head y ie ld ,  
500 grain weight and number of g r a in s  per head, ind ica t ing  tha t  500-grain 
weight and number of g ra ins  per  head a r e  t h e  important y ie ld  components. 
Similar r e s u l t s  were reported by Atkins e t  a l . ,  (1968), Liang e t  a l . ,  
-- 
and Dabhotkar - e t  -- a1 I (19703. I t  was a l s o  noticed hhat grain y ie ld  was 
pos i t i ve ly  and s ign i f i c an t l y  cor re la ted  with p lan t  height but no s ign i f ican t  
cor re la t ion  was found between gra in  y i e ld  and days t o  bloom. Contradictory 
r e s u l t s  were reported by Rao -- e t  a l . ,  (1973). This adds support t o  t he  
observation t h a t  high yielding hybrids i n  t he  present study were intermediate 
t o  t a l l .  
The s tudy of spec i f i c  combining a b i l i t y  e f f e c t s  a l s o  confinned hhe 
above observations. The l i ne s  1, 8 and 12,  i n  p a r t i c u l a r ,  showed s ign i f ican t  
s .c .a .  e f f e c t s  i n  a  de s i r ab l e  d i r ec t i on  i n  c e r t a i n  combinations fo r  
maturi ty ,  plant  height and y i e ld .  
From t h e  ana lys i s  of variance t a b l e  f o r  hybrid (Table 3)  it was 
noted t h a t  mean squares due t o  the  males x females were lower than 
e i t h e r  due t o  males o r  females ind ica t ing  t h a t  hybrids were more uniform 
I 
than the  parents .  Similar observations were made by Rao e t . a l . ,  (1968) i n  t h e i r  
-- 
s tud ies  . 
On the  bas i s  of observations on variance r a t i o s  of g . c . a . / s . c . a .  
it was noted t h a t  g ra in  y ie ld ,  head y i e l d ,  no.of g ra ins  per head and 
threshing percent a re  l a rge ly  control led by a non-additive type of gene 
ac t ion .  Variance e f f e c t s  f o r  head length a re  l a rge ly  add i t ive  whereas 
both types  of  gene act ion appear equal ly  important f o r  days t o  bloom, 
plant  he igh t ,  and kernel weight. There appears t o  be a great  deal  of 
controversy i n  t h e  l i t e r a t u r e  on t h e  nature  of gene act ion f o r  d i f f e r e n t  
characters  i n  sorghum. However, Karper and Quinby (1954), Kambal (1963) 
Niehaus (1964) and Nagur and Menon (1974) found t h a t  both dominant and 
e p i s t a t i c  e f f e c t s  appeared t o  be involved i n  governing days t o  bloom and 
p lan t  height .  Contradictory r e s u l t s  were reported by Whitehead (1962) 
Niehaus and P icke t t  (1966), Rao -- e t  a1 (196 8) , Goud (19711 Shankaregowda e t  . a1 . , 
(9972) f o r  days t o  bloom and plant  height .  For y i e l d ,  add i t ive  typd of 
gene ac t ion  was repor ted by Kambal and Webster (1965) Niehaus and P icke t t  
(1%6), Beil  and Atkins (1967) Rao -- e t  a 1  (1968), Kirby and Atkins (1%8), 
Malm (1968) and R i c c e l l i  Matte1 (1975). However, s i m i l a r  r e s u l t s  t o  those  
presented i n  this study fo r  y i e l d  were repor ted by Liang and Walter (1968) 
He a l s o  suggested t h a t  t h e  magnitude of h e r i t a b i l i t y  and genet ic  parameters 
f o r  a charac te r  would vary f ran locat ion t o  locat ion and year  t o  year  i n  
t h e  same crop. Kramer ( 1 9 w  reported t h a t  g.c.a.  and s . c a a .  in sorghm 
a r e  equal ly important i n  determining y ie ld ing  a b i l i t y .  Rojas and Spraque 
(1952) pointed out t h a t  s . c . a .  var iance was more important than variance 
due t,o g . c . a .  i n  c o n  when l i n e s  under t e s t  had been subjected t o  previous 
s e l ec t i on .  I t  appears t he r e fo re ,  t h a t  r e s u l t s  depend upon t h e  s e t  of 
mater ia l  one i s  working with. The presen t  s e t  of l i n e s  were taken a f t e r  
s e l ec t i on  f o r  many generat ions.  This may be t h e  reason f o r  t he  prepondence 
of s . c . a .  e f f ec t s  f o r  most t r a i t s ,  i n  t h i s  s tudy.  However, i t  appears from 
t h i s  s tudy,  as  one would expect,  t h a t  t h e r e  is a  poor co r r e l a t i on  between 
per  s e  performance of l i ~ e s  and hybrids  f o r  charac te rs  with non-additive 
type of gene ac t ion  a s  compared t o  t hose  having high addi t ive  e f f e c t s .  
On t he  ba s i s  of t he  above s tudy,  it was concluded t h a t  by growing 
ma le - s t e r i l e  hybrids along with i n t e rp l an t ed  pol l ina tors ,  t h a t  t h e  evaluation 
of hybrids f o r  g r a in  y i e ld  and o t h e r  cha rac t e r s  can success fu l ly  be made. 
Thus, a  l a rge  number of non- res torer  l i n e s  can be evaluated f o r  t h e i r  
combining a b i l i t y  by tak ing  cytoplasmic l i n e s  (A-lines) as  t e s t e r s  before 
back c ross ing  i s  taken upto develop A-B l i n e s .  From t h i s  study L1, L8 and 
LIZ appear t o  be t h e  most s u i t a b l e  l i n e s  f o r  converting i n t o  A-B p a i r s .  
SUMMARY AND CONCLUS IONS 
( I ) ,  A Line x T e s t e r  experiment,  us ing 20-non-res torer  l i n e s  a s  po l l en  
p a r e n t s  and 5 cytoplasmic g e n e t i c  m a l e - s t e r i l e  l i n e s  a s  seed pa ren t s  
( t e s t e r s )  was undertaken f o r  t h e  p r e s e n t  i n v e s t i g a t i o n .  
(2) The r e s u l t i n g  100 m a l e - s t e r i l e  hybr ids  and 25 pa ren t s  from t h e  above 
Line x T e s t e r  des ign were p l a n t e d  i n  t h e  k h a r i f  season of 1980 on a l f i s o l s  
and v e r t i s o l s  a t  ICRISAT, Patancheru,  I n d i a ,  a s  two s e p a r a t e  experiments 
along wi th  p o l l i n a t o r  bulk  t o  provide  t h e  p o l l e n  f o r  F hybr ids .  Observa- 1 
t i o n s  were recorded on ,  days t o  bloom, p l a n t  h e i g h t ,  g r a i n  y i e l d  and head 
y i e l d  p e r  p l a n t ,  head l e n g t h ,  500 g r a i n  weight ,  p l o t  g r a i n  y i e l d  and head 
y i e l d .  
( 3 )  The seed s e t  on hybr ids  and m a l e - s t e r i l e  l i n e s  was normal and t h e i r  
eva lua t ion  f o r  g r a i n  y i e l d  was s a t i s f a c t o r y .  
(4)  On t h e  b a s i s  of  w e r a l l  performance f o r  d i f f e r e n t  c h a r a c t e r s ,  L1, 
L8 and L12 were found t o  be good n o n - r e s t o r e r  l i n e s  followed by L ismd 19 
These l i n e s  were recommended f o r  conversion t o  A-B.-lines by t h e  
s u b s t i t u t i o n  backcross programme f o r  use  a s  female p a r e n t s  i n  developing 
hybr ids .  
(5) Associa t ion between p e r  s e  performance o f  t h e  p a r e n t s  and t h e  g .c .a .  
f o r  d i f f e r e n t  c h a r a c t e r s  i n d i c a t e d  t h a t  z e r  s e  performance i s  a  good i n d i c a t o r  
f o r  hybr id  performance f o r  simply i n h e r i t e d  t r a i t s  l i k e  days t o  bloom, 
p l a n t  he igh t  and head l eng th  but  n o t  f o r  g r a i n  y i e l d .  The v a r i e t y ,  
L 8 ~  
exl?ibited poor p e r  s e  performance b u t  produced very good hybrids .  
I n t e r - r e l a t i o n s h i p  among d i f f e r e n t  c h a r a c t e r s  of hybr ids  i n d i c a t e d  
t h a t  500 g r a i n  weight and number o f  g r a i n s  p e r  head were t h e  b e s t  c o r r e l a t e d  
y i e l d  components wi th  g r a i n  y i e l d .  S i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  was 
a l s o  n o t i c e d  between g r a i n  y i e l d  and p l a n t  h e i g h t .  
( 6 )  From t h e  r e s u l t s  on two s o i l  t y p e s  i t  was observed t h a t  g . c . a .  
e f f e c t s  were more c o n s i s t e n t  over  t h e  two environments than were s . c . a .  
e f f e c t s .  
Based on t h e  r a t i o  o f  g . c . a .  and s . c . a .  v a r i a n c e s  tt was noted 
t h a t  t h e  non-add i t ive  t y p e  of  gene a c t i o n  was more important f o r  t h e  
express ion o f  y i e l d ,  number o f  g r a i n s  p e r  head and t h r e s h i n g  percen t .  On 
t h e  c o n t r a r y ,  a d d i t i v e  type  of gene a c t i o n  was found t o  be important f o r  
head l eng th .  Both a d d i t i v e  and non-add i t ive  t y p e s  appear  important f o r  
p l a n t  h e i g h t ,  days t o  bloom and 500 g r a i n  weight .  
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